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TUI. NEUOL*. — WHCTHER ALI. > AKt MERELY REMOTE 

AND VERY UENMh CJA STEU*' 0> Sl!lR!? ? THE TWO 
MAOEEEA-VIC C1/>T I)S IN WHICH Xl!,BlTL.E AND XCME- 
llOUS (TA STERS OE^^AttS ARB CROWDED TOGETHER. — 
THE BLACK I'ATCHK)^ OR "COAJ.-SACKS” OF THE riOL'tUEKN 
CKLK.STIAL HEMJSl'HERE. 

Besides tbe nsible celestial bodies .which shine with sidereal 
light,-~eith0r by their own proper light, orbv planetary illu- 
mination, cither isolated, or variously associated forming 
multiple stars and revolving round a coininon centre of 
gravity, — wo behold also other forms or masses having 
a milder, fainter, nebulous, lustre Tliese, — which are 

seen in some instances as sinidl disk>sha]>e<l luminous clouds 
having a well-defined outline, whilst in other instances their 
forma vary greatly, their boundaries are ill-defined, and they 
arc spread over nmeb wider spaces in the sky, — appear at 
the first glance, to the assisted eye which views them through 
the telescope, to differ idtogethcr from the heavenly bodies 
whioh have been treated of in detail in the four preceding 
sections. As astronomers have been inclined to infer from 
tbo observed but hitherto unexpla^nji movements of visible 
stem the existeiKse of other celestial bodi^, 
Vou m. ^ . F 
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so the experience of tlie resfolvahility of a considcntble 
number of nebulie has led in the present and most recent 
times to iufereuces as to the non-cxistenee of any true 
iiebnhc, and even of any cosmical or celestial nebulosity 
whatswver. Whether, however, tlie well-detined nebulm of 
which I have spoken bi; indeed com^josed of self-luminous 
nebulous matter, or whether they are merely remote, closely 
crowded, and rounded clusters of^stars, they must ever con- 
tinue to be regarded as highly important features in our 
knowledge of tin? arrangement of the structure of the Uni- 
verse and of the contents of celestial space. 

'Rie number of m bulne whose jshices in Right Ascension 
and Decimation have hceii deterniined already exceeds .3600, 
and some of those of irregidar form and indefinite outline 
extend over a breadth eijuid to eight diameters of tlie moon. 
According to a former es-timate of William Heracbcl (made 
in ISll at lea.st ;-f of the entire surface of the heavena ia 
occujiied by nebuhe. Seen through colo.ssal telcscojica their 
contcinplatiou leiuls us into region.s from whence, according 
to no improbable as.sumplions, a ray of light r«|uires millions 
of years ere it cm reach our eyes, — to distances for w'htch 
the dimensions of tlie mstrest sidereal atratura (distances of 
Sirius, or the calculated distances of the double stars in 
Cygrms and Ccntaums), scarcely afford an adeijuate unit of 
measure. Supposing the weJi-detined nebula? to be ellip- 
tical or spherical elu-sters of stars, then their '' conglome- 
ration” itself indicates the existence of some inysterioo# 
mode of action in the gravitating forces whose influence 
they obey. If, on the other hand, they are vajmrous masses 
having one? or more nebulous nuclei^ then the difference of 
thc ds gice of condensation exhibited teJIs us of tlic poan* 
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bility of a process of graflual formation of stars from uncoa- 
soiidated matter. No other class of cosmieal ^rms, no 
other objects of contemplative rather than of measuring 
astronomy, are so highly fitted to engage and exercise the 
power of imagination, not simply as a symbolical image of 
the infinite in space, but also because the examination of 
dilTercnt states or forms of being, and their ioiijectural con- 
nection as stages of existence at successive periods of time, 
hold out a hope of insight into an antecedent process of for- 
mation 

The historicul development of our present degree of know- 
ledge respecting nebuhe teaclp-s us that in tliis as in almost 
all other departments of natural kifnwledge, t!ie same oppo- 
site opinions which are now suj>[)orte<l by nnmerous adhe- 
rents were long ago similarly defended, although on much 
feebler grounds. Since the general employment of telescopes, 
we sec Galileo, Dominifjue Cassini, and the sagacious John 
Mitchell, regarding all ncbula^ as remote grouj)s or clusters 
of stars; while, on the other hand, llallev, Derham, Lacsuile, 
Kant, and Lambert, maintained tbc cxistenee of starless 
nebulous mivsses. Kejder, (as well as, prcA'ious to the aj’pli- 
cation of telescopic vision, Tycho de Brahe), was a zealous 
supporter of tlic theory of the fornmtion of stars from cos- 
mical nebulous matter, by* the condensation of celestial 
vapours into spberical bodies, l ie believed, “ cfrli materiam 
tenuissimatu" (the nebulosity which shines in the Milky Way 
with a mild sidereal light) in unum globum condensatam 
stcllam effingcre he based bis opinion not on a process of 
condensation taking place in the well-defined, rounded 
nebulm, for these tverc unknown to him, but on the sudden 
shining forth of new stars on the margin of the Galaxy, 
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31ie of our knowledge of iiebute^ if vve regard 

priiiciinilk tluTein tlie niunbcr of discovered ohji'ct$, their 
thorougli cvaiuiuution by tlic tcie.scopc, and an extcniiive 
geuerali/^ation of vunv*, may, like tlmt of double siar^, be suud 
to In giu with Wiliiam Ilcr?>ehci, Until lu» time there were 
in bot!i lu'Uiiispherei? (includitig Messier s meritorious la* 
hours), only unresolved riebuke whose positions were 
cletennined ; w hilst m t^arly m >7Btb the great Ast ronomer of 
xSlough [iubHshed his first catalogue containing lOfMe I liave 
noticed in detail in the eailier part of this work that u hat Ns cre 
called bv l{i]i{iarehus nod (H fuimis in the Catasterksms of 
the JVend(>-Urtitost!icnes, and b) iny in tlie Almagest, 

nebnlous.stars/’ (t are clusters of teh^scopic 

sfars5, n inch, scfm by tlic nnktHl (ye, liavr* the «p]Karauc’e of 
f)atches of uehuhms light The same appdlatiun, under 

the LuliiHsed t<)rni of ^^A'ebulosiir,'^ passed in the middle of tlje 
13th ceutury into the Ali honsine Tables ; probably through 
tf?e jwedomimitij’g inlinein'c of the Jewisii Astronomer, Isaac 
Alxii Su! Ifa^san, <'hici of flu* weidlhy synagogue at 
Toledo. Tie* Aijdionsiae Tubles first appeared in print at 
^ enice in 1 1 S3. 

\Te fhul in an Arabian ustronomcr of the iniddlp of the 
tenth century, Abdurnilnnaii Sufi, of Irak in PcTsia, the 
first ii{jtic€ of what is now kiicfwn to be a wondiTful assem- 
blage consisting of n rountlesj» liost of true nebuhe inter- 
i^pcrsed with star clusters. The White Ox*' which 
Abdurrdurirui saw shining with a milky brightness far down 
^low Cam){>us, was driubtless the larger Magf llaiue Cloud, 
^hich has an apjmri nt hreadth of almost twelve diameters of 
the mrtotij, mu} covers a spucfi of 42 sejuare degrees in the 
heave and which is mentioned by Europeail tra* 
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vellers at the commisncetnent of the Iflth ccuturv, altliough 
Northmen ha<l iidvaneetl along flu; West Coast of i^^n'ea as far 
a.s Sierra Leone in ft N, hit . nearly two hundred years l>efori; 
(362j, Jt might have been expected that a .sliiiiiiig nebuluiis 
mass of sucli great extent, iiad perfectly visiijle to the 
'unassisted eyi;, «'ould liave sooner attracted attention 

The first detached nebula which was sc-cu aiul recognised 

• . ^ 

^155 such i)y tflescopic obi^ervation, and t:ojr]mt‘nte(] upon ns 
being destitute of stars and as being an ohji^et of a jieeidiar 
kind, was ihat near the star v Androineda*, and whieb, 
like t!ie Xubeciila’, is vi^ibie to the naked eun Simon 
Marius [Mayer of (Junzenlmustn^in I'mncoiiiu}, who was 
a inusieian ami then eourl malln inaliciaa to a Margmve 
of CuJmhaeh^ the snmc xvhi> saw Jujiitev^s sateniTcs nine 
days befi>re they were j^een by Gaiiko, lia^ ;d-u the 
merit of having given tlie lirst, and, indce<b a vei v aecunor 
description of a nebula. In tlie jirtfaee to his Aiuridu^ 
Joviaiis, he relates that, on i!u' 15ih of I)eceud:er. 
Ibl2, he discovertal a fixed star ditVerent in apjiearance froin 
anything uhtdi he had ever befi:>re se< n. It, was shnau d 
near (he third uik} marthennnust star iii the ginilc oi 
Andromeda: seen witli the vniassisttal eye it appeared liiily 
like a small cloud, ami viewed through the telescope iie 
could find in it nothing resembling stars ; in winch respeca 
it dilT<’rc'd from the nebulous stars in Canecr, and from 
other nebulous groups. All ihut could htMlistinguished wiis 
a white shining upfiearimce, brighter in tlu'eentreand faimer 
tjovards the margin. The whole, whieii was about u (ourl^ 
of a degno; in bmidth, resembled a light secti from a distance 
sliining through semi-transprirent horn (as in u lantern) ; 
similis fi;re splendor ap[)afct, si a longimjuo cuiuhda arden 
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per cornu [wllucidutn de tioclu cernatur.” Simon Marius 
goes on tf’ask liiinself wljcther this singular star may be one 
which has newly ap{»earetl; he declincts giving any decided 
reply to his own tiuestion, but is struck by tlic circamstanec 
that Ty(‘!io Brahe, who had enumcnited all the stars ui the 
girdle of Andromeda, had not sjwken of this " nebulosa.”" 
Thus, in the Muudus Joviaiis, published in 1014, w^e find, as 
I have already remarked ( an enunciation of t he difference 
between an unrvsolvable nebula (nnresoivablc, that is to say, 
by the telescopic powers then available), — and a "cluster of 
stars” ((icrtnan, " Stcrnhaufeu,” French, " Ainas d’etoilcs”), 
in which the crowding tojjether of many small stars, each of 
which taken separately would lie invisible to (he naked eye, 
eausis uu ajijMunince of nebulous light. Kotwithstaiiding 
the great improvement in optical instruments, the nebula in 
Andromeda continued for almost two centtiries and a half 
to be regarded, us at the time of its discovery, as starless, 
until, two years ago, George Bond, at the Transatlantic 
Observatory of Cambridge in the United States, recognised 
loOO small stars within its limits. Although its nucleus is 
.still unresolved, 1 have not scrupled to class it among star 
clusters 

W e can only attribute to a singtdar accidetit the circuin- 
stance that Galileei, who l)efore 1010, when the Sidcrens 
Kuntius ap]R*ored, had already <x;cnpitd himself repeatedly 
with tlie constellation of Orion, meutious subsequently in 
hi# Saggiatore, when he might have long been ncrpiainted 
from the Mundu-s Joviaiis witJj the discovery of the 
starle.ss nebula in Andromeda, no other ticbulaj in the 
heavens than those which even his feeble optical instru* 
laeiits resolved into clusters of stars. What he temur the 
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•'Nebulose del Orione c del Prescpe^^ are spoken of by 
^.bimself as notliing but accumulations (coaccrv 
^countless jiuinber of minute stars'^ He 

after another, under the delusive names of Xebulosa.‘ Capitis, 
Cinguli, et Ejisis Orionis, star clusters, in wliich lie rejoices 
• at having discoveri*d 400 previously unenumerated stars 
in u space of 1 or 2 degrees ; nor does he ever speak of any 
unresolved nebula : — how cAn it liave happened that the great 
nebula in Orients sword should have escajied his notice, or 
failed to rivet his attenfioii ? But although it seems jiro- 
bable that Galileo never observed either the large amorjihous 
nebula in Orion, or the roinj^d disk of a so-called unresolvable 
nebula, yet his general views respecting the internal 

nature of nebuhe were very similar to those to which tlie 
greater number of astnmoiners are now ineli ned. Li k e ( j dileo, 
Hevelius of Daiitzic (a distinguislied (observer, but who was 
unfavourable to the use of tt lescopcs in t he formation of 
star^catalogties), no where rnoiitions in his writings the great 
nebula in Orion. His tables, indeed, scarcely contain as 
many as 16 nebuhe having tin ir jmsitions determined. 

At last, in 1656, Huygens discovered the nebula 

in OrionV swm-d, h> winch, fn>m its extent, it.s form, inid 
fmm tlic number vnul cclel)niy of its later investigators, so 
much importance has attached ; and in 1676 Piaird was in* 
duced tu devote to it his diligent nltention. Edmund 
liullcy during his visit to St. IJelerui (1677) iirst deter- 
mined the positions of some, thougli exceedingly few, of tlie 
neinihc of the southern hemisphere, in parts of tliclieavens not 
visible in Europe. The strong predilection wdiich the great 
Gassini (Jean i)omini(}ue), entertained for all parts of con- 
temptutive astronomy, led him, towards the end of tht^ ITth 


azioni) of a 
jorms one 
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renitirv, to iind<*rtakc a more careful examination of the 
nebular ofi-* Androinetlii aiul Orion. He tliought that ho 
jierccived clianges in the latter siiure the time of Huygens ; 
and that he even discerned in the nebula in Andromeda 
“ stars which cannot In’ seen witli less }M>W(Tful telescopes.” 
Wtr have reason to Indieve that he was mistaken in regard to 
the supposed alterations in the nebula iii Orion, but since 
the remarkable observations of G<a>rgc Bond the same 
caunot altogethtjr be said in regard to the existence of stars 
in the nebula in Andromeda, {'assini, it should he re- 
marked, was from theoretic grounds dispo.st'd to nnlicipate 
such a resolution, since (in dir<'ct contmdictiou to Hailey 
and Derhara), he considered ail nelu)!;e to Ire very remote 
clusters of stars It is true tiuil lie looked upon the 

faint milky lu.stre of the obi«x:t in A tidromedii as analogous 
to that of the zodiacal light, hut ihi.s last wn.s also regarded 
by him a.s cornjrosed of a counties.^ mullilnde of small plane- 
tary bodies thickly coiigregated 

I«^cailJe, during hi.s sojourn in the southern hemisphere 
(at the Cape of Good Hop, and the Isles of Fniuce and 
Bourbon, 1750 — 1752}, augmented theiiumWr of observed 
nebular so considtTably that, as ba.s justly been remarked by 
Struve, through this travdler'.s laftours more wa.s tlicn 
known of tlie nebula: of the southern heaven.^ than of those 
visible in Hurop.” Lacaille mfircover ntteinpteil not uii- 
succfsssfully to arrange the nebula; into classes according to 
their apparent forms ; he also first undertorrk, although with 
Uttki result, the difficult analysis of the two Magellanic 
clouds (Nultccuk major et minor) with their hetcrogeneoas 
contents. 

If we deduct from the other 42 isolated nebalm wbieh 
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Laeailie observed in the southern heavens^ 14* which can 
be }K?rfectly resolved into true star-clustera^even with 
low niagnifying jK>wers, only 28 remain, while with moic, 
powerful instruments, and greater pmctice and skill in 
observiiig, Sir Jolin Ilerscliel succeeded in discoveiiug m 
tlie same ^ouc 15U0 uebulm, clusters being similarl) 
excluded* 

l;naide(h uiid unguided by any personal observation or 
experience, and eit hrst unknown to each other although 
tending in verj' similar direelions, Lambert (from 1719 ) 
and Kant (from 17o5) excrciml their imaginations, and 
specaialcd with admirable jiagacity on nebulosities, detached 
galaxies, and islands of nebuhe *iud stars sjKnauicaHy dis« 
j)ersed in celestial sjmee. Both Kant and Lambeit wt-re 
inclined to the nebuhu* hypothesis, and to the belief of a 
process of foriimtion continually going forward in space ; and 
eveii to the ith*n of ilte produolion of stars from cosmiced 
vttjKmr, Le Genlil (1700 — 1709 ), long before his distnai 
voyages and disapjX)intineut iii rigaid io the obser- 
vation of the transit of Venus, promoled the study <»f 
nebuhe by his own observations on the consliilatioas of 
Andromeda, Sagittarius, and Orion. He emp!^»yi*d the 
objeel-giass oi Campuni of 34? French feet local length, in 
tiiC possession of the observatory of Paris, -rhe sugaciovjs 
doiin Mitchell, in complete opposition to the ideas of Ilidlt v 
af»d Lucaiile, Kant, aiid Lambert, declared (us Gahieo mnl 
Dounni({ue Casksini had done) all tlic nebulm to be clusters 
of stars^, — aggregations of very .small or very remote tele- 
scopic stars, whose existence would assuredly be demon- 
strated at some future day by the iuijjrovcmcnt of insiru- 
menis A rich accession to the knowledge of nehaltt% 

y 2 
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rich a* compared with the slow advances previously made, 
was next o^ainetl by the persevering diligence of Messier : 
deducting those previously discovered by Laeaille and 
Mechain, his catalogue of 1771 contained 66 nebula'! which 
had never been recorded before. In the juwrly provided 
ObservaUun' de la Marine ( Hotel de Cluguy), his efforts 
succeeded in doubling the known utanber of nebulae in both 
heniispheres 

These feeble iM^ginnittgs «'ere followed by the brilliant 
t*{K>ch of the disc^neries of William llerschel and of his son. 
As early as 1779 the elder Uerscliel began a regular review 
of tlte nebuhe with a 7-f(K)t retlector; in M'il his great 
‘iO'foot telescojK' was completed ; and in three catalogues 
|377j which were pulilished in 1786, 1789, and IH02, he 
gave the |)ositions of 25()0 nebulte and star-clusters. Until 
17S5, and even alino.st' until 1791, this great observer 
appears to have inclined, with Mitchell, Cassini, and now 
'LtM’d Bosse, to regard nebuke, to him unrcsolvable, as ex- 
ceedingly remote clusters of stars ; but between 1799 and 
1802, longer occupation «ith the subjetd, Itsd him, as for- 
tMrly .Hailey and Laeaille, to embrsice the nebular liy|)0- 
thens, and even, with Tycho Brahe and Kepler, that of the 
formation of stars from the gradual condensation of cosmical 
VBpair. Tlie two views are not, however, necessarily con- 
nectwf with each other Xhe nebtilae and clusters ob- 

serve! by Sir WiUIiam Herschd were subjected by his sbn, 
Sir John Hcrschel, from 1825 to 183S, to a fresh review, in 
the course of which he added to his father's list 500 new 
objects, and published in the Fhilosoplucal Transactions for 
1883 (p. 365 to 481) a complete catalogne of 2807 
oebitke and clusters of stars. This great work contained 
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dU that Itftd bceu observed iu the part of the heavens vi.s;ibl© 
from middle Europe, and iu the next immediately suceceding 
hve years (18J14 to 1838), we find Sir John Ilerschelat the 
Cape of Good Hope examining with a ZO-fooi retlector the 
« hole of the heavens visible from thence, and tijereby adding 
to th# above 23U7 nebulse and star clusters, a fresh list of 
1708 positions (•'*79) ! Of Dunlop’s catalogue of .southern 
nebulae and clu.ster.s ( <>20 In uumb<T, observed at Panunatta 
from 1825 to 1827 with a tt-foot reflcclyr having a 
mirror of 9 inches diameter), only one-third weretrriT «fcrred 
to Sir John Herschel’s work. 

A third great epoch in the knowledge of these mvsterions 
celestial objects has been commenced by (lie construction f f 
tlie admirable 50-foot telescope tif the Earl of Kosse 
at Parsonstown. All the questions which had been agit ited 
in the long course of fiuclualing bpinions, and in the dif- 
ferent stages of development in cosmica! contemplation, now 
became afn'sh the subjects of animated discussion in the 
oontroversy between the nebiUar hypothesis and the as.«erted 
necessity of relinquishing that Inqiothesis altogether. From 
the nccouut.« which I have been able to collect on the 
authority of distinguished astrotioiners long conversant with 
(he nebula*, it appears that out of a great number of objects 
hitherto supposed to be uiircsolvabic, taken lus it were by 
chance from ail clasises of sneh objects in the calidoguc of 
1833, almost idl (Dr. llobinson, the Director of the Obser- 
vatory of Armagh, gives above 40), were completely resolveil 
(389) _ gjp Jolui Hcrstchel oxpressi's lumscif in a similar 
manner in his openitig speech at the Meeting of the British 
A^ciution at Cambridge in 18 15, as well as in the Outlines 
of Astronomy in 1849. He says: “the reflector of Eord 
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R<>ssc lu»s- resolved, or shown to be resolvHble, imUtitudes of 
nebula* wliii’h had resisted the spuce-nenetratiivg power of 
toebhur optu-jd iiistrmucnts. Although there may be ncbulm 
which this powerful telescoi>e of six Ksiglish feet ajierture 
shows only as nebula*, without any indication of resolvability, 
yet from inferences founded on analogy wc may conjecture 
that in reality no ddfereucc exists between nebula; and clusters 
of stars” 

The constructor of the powerful optical apparatus at Pur- 
soiistow n, lihvays carefully separating the ivwult of actual 
ob^erviUioa from inferences for which it might be ho)it‘fuJly 
considt red tiuii a foundation had^ been biti, expresses him- 
self witii great caution tin tiie suliject of the nebnla in 
Orion, hi u tetter to Professor Nichol of Glasgow, dated 
March I'j, IstO, Jvord Eosse wrote: — "From our 
e.xiufiitiiu ion of tilts cckbraterl nebula, 1 can certainly say 
that very iiltle, if any, doubt remains os to its re.soivabi!ity. 
From Inc state of the atmosphere wc could only use half 
the magniniug p>jwer wltich the mirror is capable, of bemiug } 
and vet we saw that everything round the tra[>c7.iuin forms 
a mass of stars. The rest of the nebula is also rich in 
sfars, and has <|uite the character of resolvability.” At a 
later period, IMH, Lord llosse still refrained from announc- 
ing the actual aciiicveiuent of a complete resolution of the 
nebula in Orion, e-xpressing only the near hope and well- 
grounded probability of the remaining [Kirtiou of nebulosity 
lieing so resolved. 

If, in the animated debate recently awakened res|)ecting 
ithe non-existeuee of a self-luminous nebulous matter in tiie 
Universe, we separate what belongs to observation and 
what to inductive couclu.sion«, a very dmpie aiitsideraUtm 



PORTION OP THE C0a>108.~NKBUL.E. 


m 


w sufficient to show tlmt by the inca^ising perfection of 
telescopic vision the number of unresolved nebulae may^ 
indeed, considerably diminished, but tliat it is very im- 
probable that the diminution should ever proceed to actifcd 
exhaust ioin By tlie successive employment of teleseopes of 
• incrcaaing power, each in its turn may be exiwied to resolv 
nebuhe which its j)redtrcessor hud left unresolved ; but it 
will at the saioe 5y its increased space- penetrating 

power, rv?;)lace^ at iciist in part, the resolved^ncbuhe by new 
ones j)reviously inacccssilile to our view» llnis, by iie 
ereasing optica! power, resolution of old, and discovery of 
new, would follow i-ach other in an endless succession . 
*Should this not be so, wc rnust^ it a]>peurs to me, eitlttr 
iinagine oexutpied space t<t have u limit, or cdse suppose tlv.tt 
the world-islands, to one of which wc belong, are so distant 
from eiieh other that no telescope t^duch may hereafter he 
invented CHti ever suffice to n ach the opposite slmrc, amt that 
uiir last (extnunest, or out(Tmost) nebuhe will be resuh tii 
into clusters of stars, projected, like the stars in the Milky 
Way, upon a black ground wholly without nebulosity 
But Ji may be fairly asked, whether we can with piobability 
assume both such a state of the Universe, atul sucli a degrte 
of improvinnent in optical instruments, thiat in the whole 
rirmament there shall not remain one lutrcsoh t‘vi nebulii ? 

The hypothetical assuuijdion of a seif-hnninous iluid pre- 
senting itself in wcll detined nebula*, rouml or oval, must 
not be confounded witlt tlte similarly hypothetical iissumj^- 
tion of a nondiuninoas ether pervading nnivemd spitce, and 
jirfxlucitig by its undulations light, radiant heal, and elect ro- 
nmgnetism The emanations from the nudei of comets, 

whicb as comet-tiub often occupy enormous portions of 
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spaccj disperse the to os unknown matter of which they consist 
among the planetary orbits of the solar system which they 
traverse j 'but when separated from the head or nucleus of 
the comet, the matter of which the tails are formed ceases 
to be sensibly lamujous to onr eyes. Newton considered it 
p<»sible that “ va|)ores ex Sole et Stellis fi.’ds et caudis « 
Cometariun” might become mingled with the atmosphere 
which surrounds the Earth v*'*). No tclcscojie has yet 
discovered anything resembling stars in the vaporous flattened 
revolving ring of the zodiacal light. Whether the particles 
of which this ring consists, — ami which in accordance witb j 
dvuamic conditions are imagined hv some to have rotationa 
independent of the sun, and by others to revolve simply round 
that body, — shine by reflected light, or whether, like many ter- 
restrial fogs and va|K:mrs,(**®) they are self-luminous, remains 
und(»^ided. Dominique Cassini believed them to be small 
plaiictaty bodies We feel as it were involuntarily im- 

pelled to look in all fluids for detached molecular partis 
bke the full or hollow vesicles in clouds ; and the gradation* 
of increasing density in our solar system from Mercury to 
Saturn and Neptune, (from 1'12 to O'ik: the Earth being 
taken as =s 1,) conduct u.s to comets, through the outer- 
most strata of whose nuclei faint stars are visible : they 
even conduct us gradually to detached particles so rare that 
the forms of their aggregation can scarcely be said to possess 
definite outline. 

It was these very considerations on the constitution of 
the apparently nebulous zodiacal light, which, long previous 
to the discovery of the small planets between Mars and 
Jupite^r, and before the formation of conjectures respecting 
foeteonc asteroids, led Cassini to entertidn the idea of ooe* 
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nncftl bcKli(?s of all dimensions and of all degrees of density. 
We touch here almost involuntarily on the ancient dispute 
in })hilosqijhy on primitive fluidity and composition from 
distinct molecular particles, which is indeed more accessible 
to mathematical treatment. Let us Imsten to return to tliat 
Afhich is purely objective in the plieuomenon. 

Among 8926 (2451 + 1475; recorded positions, [be- 
longing : — «, to the portiorf of the firmament visible at 
l^ongh, and which for the sake of brevity we^wiil here call 
the northern hcavcn.«, (according to three catalogues of 
Sfe William Uerschel, from 1756 to 18u2, and the above- 
mentioned review’ published by his sou in the Phil. Trans, 
for 1588) ; b, to tlie part of the southern heavens visible 
from the Cape of Good IIoik', according to the African 
Catalogue of Sir John Uerschel,] there are contained both 
nebidae and clusters of stars. How+ver intimately these 
objects may in truth be related to each other, yet in order 
u> mark the state of oiur knowledge at a definite epoch I 
have reckoned each cla.ss scjwrately. I find in the 
northern catalogue, 2299 ncbulm and 152 clusters of stars; 
in the southern or CaiKj catalogue, 1239 nebula; and 236 
star-clusters. This makes for the wliole firmament the 
number of nebulm registered in these catalogues as not 
having yet been resolved into stars, 8535. This number 
would be raised to 4000 by taking into the account three 
or four hundred objects seen by the elder Uerschel 
and not rcdetemiined by his son, as well as 629 observed 
at Parmnatta by Dunlop with a 9-inch Kewtonian reflector, 
and of which oidy 206 were tmnsferred by Sir Jolm Hor- 
schcl to liis catalogue A simihu" result has also been 

very recently published by Bond and by Mfidler. Accord- 
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to the present stnte of our knowledge, therefore, the 
proiK>rtion of the unniher of nebula!- to that of doable stars 
is about as 2 ; 3 ; but it should not be forgotten, tl»at under 
the denomination of double stars are included those which 
are n>en*lv o|itically double, and that up to the present tiuMi 
changes of jHisition have only been recognised in an eighth, 
or perhaps even a ninth part of the whole 

The numbers found above, viz. 229!> nebida* with 152 
star-clusters iii the northern, and only 1239 nebnlic with 
233 dusters in the southern cataiogues, shew a compara- 
tively smaller number of nebulre and a preponderance of 
star-clusters in the southern lumisphere. Even assuming 
the probability of all nebula; being tndy in their own nature 
alike nsolvable, i, <*., of their being either more remote 
clusters, (;r groups composr-d of smaller, less crowded, self- 
luminous cosniicai bodies, yet this apparent contrast, (to the 
importance of which 8ir John Herschel himiself called atten- 
tion, and that the more strongly as he had employed 
reflecting te!c«coj)es of wpjal {lower in the two hemispheres), 
must at least he held to indicate a .striking diversity in 
distribution in space, i. e. in respect to the directions in 
whicii they present themselves on the iiorthern or southern 
firrannient to the inhabitants of the earth. 

We owe to the stune gre!»t observer the first exsMjt know- 
ledge and general cosmical view' of the distribut ion of nebulas 
and atar-clustcrs over the entire surface of the heavens. In 
order to examine their sitaatiou, their rrdative abundiUM-e 
in different parts, and the probability or improbability of 
their succession in certain groupings or lines, he entered bc- 
tvveen three and four thousand objeefa graphically in squares 
of which the sidas corresponded to 3? of Declination ami 
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15"» of Right Ai=cenj^ion. The greatest local accuinulalioi; is 
foiiixl in the northern hemisphere, tlis(rihule<l through the 
constellations of Leo and Leo minor, the body, fail, and 
hind-paws id Ursa nuijor, the nose of Camidopardalis, the 
tail of Draco, the two Canes venatici. Coma Berenices (where 
the north }K>le of the Milky AVay is situated}, tlie 

right foot of Bdotes, and above ail in the !u ad, wing<, and 
shoulders of Virgo* This zrftie, which has been cidled tlie 
nebula-region of Virgo, contains, as 1 have already renuirked, 
in a space occu|)ying the eighth part of the entire 
celestial sphere*, oue-liiird of the whole of the nebuke. It 
extends but little beyond tlie tapiator, exec pUJig \\Kere at 
the southern wing of Virgo it stretclft-s as far as He extremity 
of Hydra and to the liead of Centaurus, but without tuueiiing 
the feet of the Centaur or the Soulherii Cross. Another 
and bss considerable assemblage of ncbulic in tlio northern 
hcinisphere, and which Sir John lltTschel calls the uehnla- 
region of Pisces, cxteinls further into the southern In mis- 
pherc than docs that of Virgo* It forms a zon.e running 
from ihtj constellation of Andronu'da, wliicli it tills almost 
entirely, to the breast and wings of IVgasus, the bund wlneli 
unites the two Pisces, the soutlarn galuetic Po!e, and 
Fomalhatii. A striking coiitrast to these well-hlled regions 
is jTesented iiy the aliuost desert space, as respects ncbvihe. 
which surrounds Perseus, Aries, Taurus, the Ue;ul ami upper 
parts of the body of Orion, Aurig;r, IKtcuIcs, A^uila, and 
the wlioie consteUation of Lym If, in tlie geiienil 

view of the nebulae and star-clusters belonging to the 
Northern Catalogue (that of Slougli), given in Sir John 
Hersehers work on the Cape Observations, and where they 
distributerl into the several hours of Right Asceusion, wc 
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ccunbinc them into 
obtain : — 

six groups 

each of 

four hours. 


llt'ur*. 



R, A. 0 to 
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. 3U 

4 » 
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. 

. 1T9 
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12 

. 

. 000 

12 „ 

10 

. 

. 850 

10 „ 

20 

. 

. 121 

20 „ 

24 

. 
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By u more careful separation according to Nortli ami South 
Declination, we find that in the rix hours of Right Ascension 
from nine hours to fifteen hours, there are in tliC iu>rt!iern 
hemisphere alone, 1111 nebuhe and clusters of 
viz, : — 

Hours. 


From 9 to 10 . . . . .90 

10 „ 11 150 

3 1 32 . . . . . 251 

12 „ 3.3 300 

13 „ li 181 

14 „ 15 130 


The tme northern maximum of nebulae is therefore situated 
between ]2h. and 13h., very near tlic North Galactic I’ole. 
Fartlier on, iwtwwn 15b. and lt5h., towards the constellation 
of Hercules, the decratse is so sudden that the numlicr falls 
from 130 to 40. 

In the southern hemisplnare we find not only a much 
smaller nutnher, but also, generally speaking, a mueh more 
uniform distribution of iiehulffi. Spaces devoid of these 
eelestial phenomena alternate with sporadic ncbulte ; with 
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the exception of one remarkable local assembla^, which is 
indeed even more crowded than the nebulous region of Virgo 
in the northern hemisphere ; for of the Magellanic clouds, 
Nubecula major alone comprehends 300 nebulae. The 
region around the pole is poor in nebulae iu both hemis- 
pheres, but HS fiir as 15° of polar distance it is {worer 
round tlic south(;rn than round the northern pole in the 
proi>ortion of 4 to 7. The firesejit North Pole has a small 
nebula only 5 minutes distant from it ; a siiuilar one, to 
which Sir .John Herschel very ])roperly gives the name of 
"Nebula Polarissima Australis," (No. 31 70 of his Cape 
Catalogue; K. A., 9h. 27*' 56% N. P. D., 179° 34' 14") 
is still inimites from the South Pole. 'J’hc comparatively 
starless desert round the southern pole, and esi)ecially the 
absence of a [Kile-.stur visible to the unassisted eye, were the 
subject of bitter com[ilaint to Amerigo Vespucci and Vicente 
Yauez Piuzon, when, at the end of the fifteenth century, 
they advanced far beyond (he Ecpiator to Cape St. Augustin, 
ind when Vesjiucci even supposed that tlie tine jjassage; of 
Dante, " lo mi vol.si a man destra e posi raente . . and 
the four stars, " Non visle mai fnor eh’ alia prirua gente" 
referred to antarctic circumpolar stars {■*“*). 

Hitherto wc have betm considering (he nebuhe in resj>ect 
to tlieir number and dissemination on what is called the 
tirmament, an apparent distribution which must not be con- 
founded witli the actual distribution iu space. From this 
examination we now pa-ss to their wonderful diversity in 
individual form. This is sometimes regular, (spherical, 
elliptical in various degrees, annular, phmetary, or re- 
sembling a photosphere surrounding a star) ; and sometimes 
irregular or amorphous and as difhcult of classification as 
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are the m|ntx)U5 iiehuhe of our at mosphere, t he cloudj#. The 
normal form of the celestial nebula* is considcml to be 
eliipticar or spheroidaL With cHjual teleseopio power, such 
nebuke are most easily resolvable into star-clusters when 
they are most globular; and on the otlier hand when the 
compression in one direction and elongation in the othei' 
is greatest they are tint most dilhcidt of resolution 
We fmd in the heaveiis grlulually varying forms from 
round to elliptic more or less elongated, (Plnl. Tnms,, 
ISo'}, p. 491, TL i\. figs. 19 — 21.) The coiidcnsa- 

tion of the milky nebulosity is uhvays progressive towards 
a centre, or as in some cast‘s even towards several ceiOnd 
pouits or nuclei. It is^only in the class of round or oval 
nebuhe that doulde-nebuke are knovvii ; and in thest?, as 
there is no |>fc‘Tceplible relative mol ion of the unlividuals 
in rcsjK’ct to each other, (either l)ecaus{^ no such motion 
exists, Of that it is (xceedingly slow], we arc witiiout the 
criterion which would enable m t«) denionslmte tlio reality 
of a mutual rilation, and which in Uie case of double stars 
we jHjssess for distinguishing those wliich arc phvsirallv frou) 
thwr which an^ merely optically 4h>nl>lc. (Drawings of 
doubie-nebuhe are to be found in tin* Pinlosf)|»hical Tniits- 
actions for l figs, CS — 7 L CVanpare also llersehel. 
Outlines of Astronomy, § 87b, and Observations at the 
of Good Ho{x*j § 120.) 

Annular nebuke arc among the rart^si jihenomcna with 
which wc arc aexjuainted. In the nortlurrn hemisphere, 
acetording to I^>rd llosse, Mwen are known to us. The 
most c<‘kbmk’<l annular nebula is the one situated txjtween 
ft fiml y Lym (No, 57^ 5f easier; No. 3023 of Sir John 
tterschel’s Cataiogue) ; it was first observed by Darquier at 
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'roulouse in 1770, when the comet dij^rovered by T)ode 
eiinn* into its vicinity. Its appureiit magniinde is nearly 
eipial to that of Jupiter^s disk^ and it is elliptical, — tlie 
])rojH)rtion of its diameters being as 4 to 5. The interior 
of the ring is by no means black, but ndher somewhat 
4Iliiiuiaatial. Hit Williuin Herschcl had recognised some 
stars ill the ring, and Lord ami Mr, Bond lutve ttow 

tMitirely resolved it On U)e other iaiiul, tlie fine annular 

nebuhr of tlie southern liemisphere. Nos. 3680 and 36S0, 
are pcrftxtly bh.u'k in tiie interior of the ring. No. 36S6, 
tnoiY-ovt'r, is not elliptical but perfectly round ; all 
an* prubjibiy iuinular or nng-sliaped clusters of stars. It is 
t > be remarked that with the incrc'aseof optical means, both 
eilipticid «and annular nebuhe ajipcar generally less deiined in 
their outlines: in Jaud lb>sse's telescope the ring-ncbtda in 
Lyra even appears as a simple ellipse, having singular diverg- 
iiig thread-like tiebulous ajipendages. It is especially striking 
to observe tlie trnnsformatioii the nebula which, seen 
tlirough feebler teiese<>j)es, ap}>ears simply elli[>tieai, into 
Lord Kosse^s ('nib-N( bula. 

A class of pluntomeua less rare lh:m antiular nebuke, but 
of whieli Sir John Hersehel counts otily 25, almost three- 
fourths being in the southern hemisplicre, Ciuisists of wliat 
are called planeiarv m‘l>aim, which were first discovered 
l)y William llcrscliel, and are among the most wonderful 
r»f c(Jestiai pliaunjineua- They have a mosi >trikiiig rCvScm* 
idanec to the disks of }>liinels. In the greater number of 
instances liny an? either round or somewhat oval ; some- 
times with sharply detineil bomHlari<^s, and sometimes with 
confused and vaporous edges. The disks of several have a 
very uniform light ; others arc mottled or of u peculiar 
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textwrc 8s if curdled.” They never show traces of conden- 
sa&on towards the centre. Five planetary nebuhe have been 
recogm*/ed by Jjord Rosse sis annular nebula” with one or 
tw'o central stars. The hugest planetary nebula is situated 
in the Great Bear, (not far from Ursm maj.) and was 
discovered by Mechain in 17S1. 'f'lie diameter of thc' 
disk is 2' 40". The {>lanetary nebula in thc Southern 
Gross, (No. 8365, Cape Observ^ations, p. lOO,) w>ith a disk 
of scarcely 12" diameter, has the brightness of a star of 
between the 6th and 7th magnitudes. The colour of its 
liglit is an indigo-blue, and (among nebula;) this remark- 
able hue is found also in three objects of a similur form, in 
wliicli, however, the blue fs less iulenst; C*®"). The bine tint 
of some planetary nebula; by no means contradicts the possi- 
bility of their Iteiitg composed of small stars, for w'c are 
acquainted with blue stars, not only as forming both members 
of a pair or double-star, but also in clusters consisting 
either entirely of blue, or of blue mixed with red and yellow 

y- -W y 

small stars t'*®*)- 

The question whether the planetary nebula? are very 
distant nebulous stars in which the ditference between an 
illuminating central star and a surrounding Vtt})oroHs en- 
velope esca|)es our telescopic vision, has b«;en alluded to in 
an earlier jmrtion of my work (■•“^). May Jjord Rosso's giant 
telescope at length afford tlic means of investigating the nature 
of these wondrous planetary va|M)roiis disks ! Difficult as 
it is to form a clear conception of the. complicated dynamic 
conditions under which, in a spherical or splioroidically 
elliptical cluster of stars, the rotating, congregated snns, 
becoming specifically denser as the centre is approached, 
form a system in equilibrium C**®), this difficulty becomes 
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still greater in those circular, well-defined, planetary nebulous 
disks which show an entirely uniform brightness not in- 
creasing towards the centre. Such a state of Ihings’seems 
less compatible with the form of a globe (or with thousands 
of small stars in a state of aggregation) t})an with the idea 
of ,a gaseous photospliere, which in our sun is supposed to 
be covered with a thin, untransparent, or at least very faintly 
illuminated vaporous stratum* May it be that in the 
planetary nebula the light appears so uniformlv distributed 
only because, the dilTcrcnce between the margin and the 
eentie disappms by I'cason of the great distance ? 

Among the nebuhe of re^lar forms, tlie fourth and last 
class consists of Sir William HtTselul’s nebulon.s st.ars 
I. e. .actual stars surrcmtuled by a milky nebulosity, which is 
very probably in relation with the central star and de])endent 
on it. Whether the nebulosity wliich, according t{* Lord 
Eossc and Mr. Stoney, apjiears in some cases ijuitc annular, 
(Phil. Tmus. for 1^50, PI. xxxviii. figs. 1.5 and 16), 
should be reganlcd as self-luminous, and as formiijg a pho- 
tosjihere as in our sun,— or whether, (as seems less probable), 
it be merely illuminated by the central sun, — an' points on 
aliich very ditrerent opinions prevail. J'ierham, and to a 
certain degree liSR-aille, who at the Caj)c of Good Hope dis- 
covered several nebulous stars, believed the stars to be 
distant from and unconnected witli the nebulic on which 
they appeared projected. Mairan (1731) appeans to have 
heen tlie first who put forward tlie opinion of nebulous stars 
being .surroutnled with a luminous atmosphere of their own 
(^‘'). There are even larger nebulous stars (for example of 
Ihe 7th magnitude, as No. 675 of the Catalogue of 1883), 
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ot wliich*^e photosphere has two or three minutes 
dwmetrT 

A chm of nebula' very different from those which we have 
been describing, and which have always at least ^ faintly 
marked outline, consists of the larger nebulous masses of 
irregular form, lltese art? characterised by very various and 
unsyniiiu'lrical shapes, as wtdi iits vt?ry imjterfeetly defined and 
confused ontbnes. Tiiey arf invsterions phenomena sui 
generis,*’ and art; what have principally given occasion to 
the opinions'whk'h h:tve prevailed respecting tJu? c.xistence 
of ctisinieal cloud, find of self-luminous nebulous matter 
disjicrscd through the celesti..! region.^ and similar to the 
substratum of the zotbacai light. A most striking contrast 
is prcseiifji'd hy viewing some of the irregular or amorphous 
nebula? which cover several stpiare degns?s of the surface of 
the heavens, in comparison with the smallest of all the re- 
gular isolated oval m'bulm with whicli we are acqimiiited, 
I. c. the one situated between the constellation.s of Ara and 
Pavo in tlie southern hemisphere, and which has a luminous 
intensity cejuai to that of a telescopic star of the 1 kth mag- 
nitude (**•**). Xo two of the unsynimetricid, diffusetl ne- 
bidous masses resemble each other, " but,” adds Sir John 
llersehcl, after many years of obs<?rvatiou, they have one 
important diameter in common ; they arc all situated in or 
very near the borders of the Milky Way”; and may be » 
regarded a» outlying, distant, and as it were debuchcil 
fragments of the great stratum of the Galaxy” (‘*'*). On 
the other hand, the refgular symmetrical and usuidly well- 
defined small nebnlse are partly scattered generally over the 
heavens, one! jmiily crowded into particular regions remote 
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from llie Milky Way ; such iu the iiorthcni luRnisphcrc are 
the regions of Virgo and Pisces. It is true that the grcht 
irregular nebulous mass iu the sword of Orion is fifteen 
degrees from tiie visible niargiu of the Milky Way ; but it 
may i>er!utps belong to the prolong'ation of that branch of 
the gfdaxy wliich runs from a and « Persei, a)id appears to 
lose itself near Alvlebiiran and the Hyiides, and of wiiicli we 
hav'e already spoken (VoL iii. p. 12S), The finest stars iu 
tlie constollatiou of Orion, which gave to it its ancient 
celebrity, are considered as belonging to the zone of very 
large, and probably comjniratively near, celestial bodit^s, the 
prolongation of which forn^ a great circle passing tlirough 
f Orionis and « Crueis into the southern portion of the 
Milky Way 

An earlier and verj^ prevalent opinion a? to the 

existence of a galaxy of nebultc intersecting the galaxy of 
stars nearly at right angles, does not by any means ap{>ear 
to !>e confiniwl by later and more exact observations on the 
distribution of the nebula* of regular form over the vault of 
heaven There are, indet^d, as has been already remarked, 
large ass<nnblagcs of nebul® near the nortliem galactic 
and a considerable number near the Southern Fish 
but from the many intcmiptions which occur we cannot 
say that wc have found a zone of nebulm passing through 
these two jmlcs iuul forming a great circle of the sphere. 
William llerschel in 17St, at the conclusion of his first 
treatise on the structure of the heavens, had indeed deve- 
loped such a view% but doubtfully, and with the caution 
which became so eminent an investigator of nature. 

Of the irregular, or ratlier unsymmetrical nebulae, some, (as 
those in the sword of Orion, near ij Argus, and in Sagitta- 

voL. Ill, a 
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rius oiul Cygmis)ji are retnarkable for their extraordinary 
siie; other:*, (as No,**. 27 and ol of Messier’s Catalogue), 
for the }M'Culiurity of their forms. 

Is; it'gard to the great nebula in the sword of Orion, we 
have already noticed tlie ciiciunstance of its never having 
been inentioued by (hiiileo, ulthongh he l*ad been so much 
oecufiuv! with the stars between the belt and sword 
and ha.l even constnicted a inaj) of that region. What he 
ternfS Neindosa Orkuns, and whiclt is drawn by bim together 
with Nh'bulosa Pni’3<‘iR:, is expressly stated by him to be 
an asseinbiage of smiiil stfirs (steliatijin coiistipatarmn) in 
tbo/i 'iitl of Orion. I>! flic drawing in ^ 20 of the Sidereus 
Nuncins, which extein!^^ frutn the belt to a Orionis in the 
right leg, I recognise, uhove the star », the nmlliple star 6. 
I he magnifying^ [lows rs ctnjdoyed by (iidilco were only from 
eight to thirty. As the nebtihi in llie sword does not stand 
by itseif, but forms, when viewed fiirongh imjierfect teJe* 
scopes, or in ftn nttfiivottraliie state of the atmosjthere, a sort 
of halo romiii the .star 0, it may be tliat from this ciremn- 
staiice iu iiulividuni existence and form eseapitd the notice 
of the great FJorent ine observer, who, moreover, was otherwise 
disinclij»:<l to admit ortissiune the existence of nebnhe 
It was fourteen y» ;u.s after (ialdet^'s death, in the year 1 Grid, 
that Huygens tliscovered ibe great tiebula in Orion, and 
gave a rougli draw ingof it, wliush was published in IGoO in 
the “ Systema .'jaturnintn.” ilis own «*>rds arc : — “ Whibt 
I was engagcil in oltecrving, with a refractor of 2’{‘feei focal 
length, Jupiter’s variable lielts, a dark centrid zone in Mars, 
and some faint npjxsuiutces in that plimet, there wm pte- 
sciited to me nmong the fixed stars a plienoineMon which, so 
far aa 1 am aware, lues never Ihxjh observetl before, and can 
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only be accurately di.«cernefl by mcaris of such large tele* 
scopes as that wliicli 1 employ. In the sword of Orion, 
astronomers enumenite three stars placed very near ,tc> each 
other: as, in the year I6.06, 1 happened to be kmking 
through my telescope at the middle one of the three, I saw, 
instead of a single star, twelve, which, indeed, with telesco|^)e3 
is nothing extraordinary. Of these stars, three appeared 
almost in contact, and four otjmrs shone as througli a bright 
haze, so (hat the space around them, as drawn in theaccom- 
p.anying figure, appcartnl nnich lighter than the re.«t of 
the sky. It ha{>j»ened to be \erv clear, and was quite dark, 
so tluit the apjK-aranre \vas*;ts if tliere were an opening or 
i!iterruj)tion (hiuttis). 1 have seen %1! this repeatedly since, 
and that up to the present time, .«o that this wonderful 
existence, w hatever if may be, has probatdy always its seat 
there. 1 never saw' anything similar iti any other of the 
fixed stars.^' (It wouhl seem, tlierefore, that the nebula 
in Amlrome<la, descrilted .">1 years earlier by Simon Marius, 
v ii.s cither nnknown to Huygens, or had excited but little 
isitcTCst in ins mind !) \\ liatever other objects bnve b(?cn 

called nebuhe,” he adds, ’‘and oven the Milky Wav when 
hxtked at through telescopes, show nothing nebulous, lutd 
arc merely nniititndcs of stars crowdfxl 1t)gether in clusters’ 
The anitnation and vivacity of this first description 
testify the magnilude and fre.shncss of the impression pro- 
diieed ; but how vast is the ditTcrence wliioh sejianifes this 
first gr{»phi(?al reprtsentation iimdc in the middle of the 17 th 
century,— and those, a little lots imjwrfcct, of I’icard, Le 
Gentil, and Messier,— frointhe fine drawings of Sir J. llerscUel 
( 1837 ), andofWilliara CninchBoiKl, Director of the Obser- 
vatory of Cambridge in the Unttetl States in IS IS ! (■***)• 
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The first lumied of these later astronomers hml the great 
a^Viintagu'. {•*-'^) of observing the nebnla in Orion, since 1834, 
with a ^twenty-ffMjt reflector at the Cape of (lood Hope at 
an altitude of (itt*, and of thereby improving st ill further his 
earlier drawing of 1S24 — 26 (■*^^). The positions of 150 
stars in the neighbourhood of 0 Orionis, chiefly from the 
15th to the 18th magnitudes, were also determined. The 
eelebrated tra{)eziuin, which is^not snrrcmnded by any nebu- 
losity, is formed of four stars of the 4th, tith, 7th, and 8th 
magnitudes. The 4th star tvns di.scovered (16(56?) by 
Pomiuique Cassini, at Bohigna ; the 5th {y') in 1S26, 
by Struve; and the 6th {«') whioh is of the 1 3th magnitude, 
bv Sir John Ilerscliel iit 1832. The Direetorof the Obser- 
vatory of the Colkgio Koinano, do Vico, announced at the 
beginning of the year 1 830, that with his large refractor by 
Canchoix he fiad found three more stars inside the trape- 
zium. Tliese .stars havi; not lx«n seen l>y John Herschel or 
Bond. The part of the nebula nearest to the almost un- 
ncbulous f raperzium, and forming in tlu; front part of the head 
the Eegio Huygeniana, i.s .spotty in its appearance, of 
granular texture, and has been resolved into stars by the 
giant telescojKj of the Earl of Rosse, and by the great 
refractor of the Observatory of Cambridge, U.S. ('*^). 
Among our modern accurate observers, Lament at Munich, 
Dmper iji Ireland, and Lassdl in England, have determined 
many positions of .small stars. Lamont employed a magni- 
fying jjower of 1200. Sir William Herschel thought that 
lie had satisfactorily convinced himself, by the comjjarison of 
his own observaUons made with the same instruments 
from 1783 to 1811, that changes had taken place in 
the relative brightness and in the outlines of the gnnd 
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nebula iu Orion Bouillaud and Le Gentil bad 

serted the same of the nebula in Andromeda. The con- 
tiimed invesUgations of the younger Herschel render these, 
as it was 8Uj)}w>sed well assured, cosinical alterations, at least 
exceedingly doubtful. 

• Great mhtda round tf Arffiis . — Tliis nebula is situated 
in that piirt of the Milky Way, so distinguished for its 
brightness, uliich extends fit>m the feet of the Centaur 
through the Southern Cross to the middle portion of the 
constellation of the Ship. The lu.stre of thi.s region of the 
heavens i.s so extraordinary that an accurate observer residing 
iu India, Captain Jacob, remarks, in full accordance with my 
own experience (luring four years jiaf^sed within the tropics, 
“ t'lat such is the genenil bl;i/e from that part of the sky, 
that a i)erson is immediately made aware of its liaving risen 
■above the horizon, though he should not be at the time 
looking at the heavens, hy t’ne increase of general illumination 
of the atmosphere, resembling the ellectoftlje young moon” 
(427). The nebula, in the iniddic of which the star 1 / Argus, 
which has become so celebrated otj ar'cvtuut of the changes 
of brightne-ss which it has xuidergonc is situated, covers 
above ^tlis of a stpiure degree tjf celestial .space. It consists 
of several amorphous masses of unc(|iial inteu.sity of light, 
and no where shows that mot tled granuliu" appearance which 
is considered to indicate resol vabilitv . It encloses a singii- 
larly shn)}cd vacuity covered with a very hunt degree of 
light, and forming a lengthened lemmiscule-oval. A fine 
representation of the whole phenonnmon, the fruit of two 
months measurements, is found in the Ca],)e Observations '‘f 
Sir John Ilcrscbe! This astronomer has determined 

iu the nebula of i» Argus not less than 1216 positions of stars 



SPiiClAI, HESCtTS IN THE «RAN0U»G1CAI. 


zu 

njostly from the I ttU to the 16th mngtutude. The stars 
form a series which is continued far bmuiid the nebula into 
the Milky M ay, where they are projected against, and 
detach themselves from, the blackest background of sky. 
They are, therefore, probtdily not connected with the nebula 
itself, and may be very distant from it. The whole of the 
ndjjK'cnt portion of the Milky M ay is, indeetl, so rich in 
stars (.not slar-c]u.sters), tluit 'between 5)** 50“ and i l'“ ;34'" 
E. A., there have been found liy “ star-gauging” 3138 
stars on an average to each stjnare degree. This number 
even ristwto 5003 in che “^sw»‘ep.s’’ for IF' ^-1"' 11. A. ; being 
more .stars than are visible to life naked eye, (i. a. stars from 
the 1st to the 0th macnitude), for tite horizon of Paris or 
that of Alexuudriii 

7’he tit hula iti Sa;/Utiirins. — This ticbnia is of conside- 
rable e.\.ten(, and, m it were, eoinjjosed of four distinct 
ma.sse3 (R. A. 17®* 53 ■ N. P. IJ. Ill - 1 ), one of which i.« 
again subdivided into tlins*. Ail ur<' iidermpfed by [data^s 
devoid of tiebuloiis fi[jj)eanuire, aiul tin whole had been itn- 
perfeclly seen by .Messier 

77« titliula in Ct/fjnnn, — (.'onei.sts of severui irreguliir 
maSsc.H, one of uhich forins a very narrow tiivtded band 
pa-ssing tiirough the ilonbie .'^tar v kygni. Ihe connection 
of tlie.s(^ very di.ssiniilar lu hidous nuisst s by a singtilsir ap- 
pearance of cellular texture was lir.st {terceived by Masou 

7'he nebula in I'n/pes. — Was iinjjcrfectly seen by Mes- 
sier, and is No. 27 of lii.s list; it was discovered on the 
occa.sion of the observation of Bmle’s comet (d 1779. The 
exact determinatiou of the jxjsition {R. t\. 19'* 52"*, N. F. P- 
67* 43'}, as well as the first drawing of this nebula, were 
given by Sir John Herschel. It received the name of 
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" Diunb-bell” from its uppareat sliape as set-n with a reflfKior 
of eighteen inches aperture (Phil. Traus., 1833, No. 20tj0, 
fig. 20 ; Outlines, § 881). The resemblance to a Drfnib-beU 
entirely disappeared when viewed with a 3-f( et rellector of Lord 
Eo.sse {*33 for whose recent and important reprf^-entalion of 
Ijiisnebulu see Phil. Tmns. 1 850, PI. xxxviii. tig. 17. It was 
resolved by the same telescope into numerous stars, iuter- 
sjKjrsed amongst still sub.si.stkig nebulous aj)pearance. 

Spiral nebula in the northn'n Caniit l enaticitfi , — This 
nebula was first observed by Messier on tlu? 1.3th of October, 
1773 (on the occasion of the comet discovered by him) ; it is 
in the left ear of Asterion, very near tlio star >> (Benef iiascii) 
in the tail of the Great Pear, (No .51 ‘Messier, and 1022 of tin; 
great Catalogue iu the Phii. Traus. ] S;3;5, p. -Itbi, |ig. ). p 
is one of the most remarkable plniuomena in the Jirniament, 
as well on .account of it s wonderful eonliguratii .n, a.s of the 
uufxp(‘cted transforming elieet exerled u|ioti its ajipearance bv 
Lord Ihtsse's specuhim. lii the IS-itieh relleoor of Sir 

John llersche) this nebula iijipt ared globular, and surrounded 
by a wiilely detached ring-, thn.s aiTordiiig as it were an 
image or eouiiter|)art of our sidereal stratum and Milky k\ ay 
(*3*). In the spring of 1815, however, the grt'al ttieseope. 
of Ijord Kosse transfuriiied the entire object itiJo a luminous 
sjjirsd, in wliieh the convolutions are not sYinmeiricnlly dis- 
))09cd, but prolonged in one tlireetion, and tlio two extre- 
inities, one near the centre and the other tow anl;* the exterior, 
lerruinate in dense, granular, rounded nuclei. Pr. Nichol 
has published a drawing of this olijia’t (the ssune w Inch was 
prc.seule.d by Lord Ko-sse to the meeting of the llritish Asso- 
ciation at Cmnbridgo in 1845) (*35) ; but the most jw-rfect 
repreaent-ation is that by Mr. Johnstone StoiuH’ iuthe Pliil. 
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Trans, for lS50/Ptu't 11, PI, xxxv, fig. 1, Similar sfirai 
forms are st^€n in No. 99 Messier with a single oentral 
imckns/uad in other northern uebula&. 

We have next to s|>eak in greater detail than c^uld be 
done in the General View of Nature of an object un* 
{mralieled in the entire firmaimnt, and which greatly enhances 
the picturesque beauty, so to sp(‘fik, of the southern celestial 
hemisphere. The two MageiiatVic clouds (which were pro* 
bablv first called bv Portuguese and then by Duteli and 
Danish imvigators, Cnpe-Chtuds) (**^), am>st the attention of 
the tiavellcr, as I have myself experienced, in tlie most 
forcible manner, by tlieir brightness, tiieir remarkable isolated 
position, and their rcvo'mtion at unctpial dislrmets round 
the southern |)o!e. That the name which refers to Magel- 
lan's voviige of circumnavigation was not their earliest de- 
signation is proved by'tlie express mention arnl description 
of thes«i luminous clouds by the Florentine, Andrea Corsali, 
in his voyage to Cochin, and by Petrus Martyr de Anghieni, 
Secretary to Ferdinaiui of Arragon, in liis work de Bebus 
OceanicLs et Orbe Novo (Dw. i. lib. ix. p. 96) (*^*}. lk>th 
these notiws belong to the ym 1515, whereas Pigafetta, 
who accompanied Magellan, dws not mention the "neb- 
bietle" in the jouriial of the voyage previous to January 
15sJl, when the ship Victoria made her way from the Pata- 
gonian Strait into the South Pacitic Ocean. The older 
name of “ Cajjc-Clouds” i» certainly not to be attri- 
buted to the proximity of the still more southern constel- 
lation of the Table- Mountain, which was itself only intro- 
duced by I..acBi]le. l^jc name may more probably refer to 
the real Table* Mountain, and to the phenomenon, long 
dreaded by seamen as portending tempest, of a small cloud 
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rcstiug on its summit. We shall see presently that ^he 
uubecul® of the southern heavens, after having long been 
noticed but without receiving any name, as navigation ex- 
tended and commercial routes became more frequented, 
gradually obtained names derived from those routes. 

• The feequent navigation of the Indian sea adjacent to the 
shores of Eastern Africa, esjiecially from the time of tlie 
Ptolemies and in the voyagt?s»in which advantage was taken 
of the Monsoons, first made navigtvtors acquainted with the 
constellations near the southern pole. As has been already 
remarked, it is among the Arabians that we fiiul as early as 
the middle of the tenth century, a name for the larger of 
the Msigellunic clouds which Ideler *has identifif?d w ith the 
(white) Ox, el-bakar, of the celebrated astronomer Dervish 
AlKhirrahinan Sufi of Ibu, a town in the Persian Irak. In 
the “^Introduction to the Knowledge of the Starry Heavens, 
written at the Court of the Sultans of the Dynasty of the 
Biuidca, he sjtys “ Below the feet of Suhcl” (it is ex- 
pressly the Suhel of Ptolemy, Canopus, which is lure 
meant, .although the Arabian astronomers alsog-ave themniu- 
of ' Suhel,' to several other huge stars in the constellation of 
“ d Setiua” or the Slrip), “ there is a white patch, which is 
not seen cither in Irak,” (iu the n*gion of Bagdiul), “nor in 
Nedsclul,” (Xedjcd, the northern and more* mountainous pari 
of Arabia), “ but is si'en in southern Tehama, between 
Mecca and the {xunt of Yemen, along the shore of the 
lied Sea” The position of the “ White Ox” rela- 

tively to Canopus is here assigned with suflicient accuracy for 
the unassisted eye; for the Right Ascension of Ckuiopus is 
6'^' 20“, and the eHsfern margin of the larger Magellmhc 
cloud is in G** 0"’ Ilight Asceusion. The visibility of 

Q 2 
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tli|j mibecula major in noriliorn hititiidcs cannot have been 
materially altered since the tenth ccnttiry by the precession 
of the etjuinoxesj for in the cotirse, of the next ten centuries 
it reached its maximum distance from the north. Taking 
the most recent dett nninntion of the place of tlio larger 
cloud by Sir John Hersehel, wo find that in the time of Ab- 
durrahman Sufi it was iJi-rfectly visible as far north as l?*^ 
N. Lat . ; at jircsent it is so iftsirly to IS". The mdieculie 
might therefon- Iiave been semi throughout the whole of the 
south-west of Anibia, the incense-producing country of Had- 
hrainant,as u ell as in Yemen, the ancient smit of civilization of 
Saba and of tin- early innnigration of tht- Joctanidi's. 'I'he 
extreme southern {loiut'of Arabia, at Aden on the Straits of 
Bab-el-Mandeb, is in H^4o', and Loheia is only in 1.V" -44' 
North Lat. '.rite rise of many Arab settlements on tltc inter- 
trojjicid i>ast coast of -.Africa, both north and south of the 
equator, alst) naturally Iml to a more complete and det.ailcd 
■cquaintance with the Houlhern constellation.®. 

Of civilised navigators, the first who visited the West Coast 
of Africa beyond tlie Line were Knropeans, and first, and more 
especialiy, Cataloniiins and Portuguese, liinloubted docu- 
ments, f. r. the Map of the World of Marino SanufoTorsello, 
of the y«ir 1306 ; the Genoese '‘PortulanoMeiliceo'’of 1 351 ; 
the*' Plunisferio dc la Palatina,” 1417 ; and the “Afapjia- 
mondo'’ of Pra. Mauro Camaldolese, bi^twcmi 1457 and 
1459, shew that 178 years before the rcputeil first discovery 
of the Cabo Tomcnioso (the Cape of Good Hope) by Bar- 
tholomew I>ia», in the month of May 1487, the triangular 
configuration of the southern extremity of the African con- 
tinent was alnjady known (**°). After Gama's csspedition, 
the rapidly increasing im*>ortance of the commercial route 
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round the Cape, forming the general object, of all voyages 
along the western coast of Africa, led to the two clouds or 
luibecuhw being called by navigators the “ CajH; Clouds," 
as being remarkable celestial phenomena seen in Cape 
voyages. 

, On the east coast of America, the continued attempts to 
advaiict^ southward beyond the oejuator, and even to the 
southern extremity of the coijtincnt, from the expedition <»! 
Alonso de Hojeda, which Amerigo Vespucci accompanied in 
1499, to the exi)edilion of Magellan with Sebastian del Cano 
in 1521, and that of Garcia dt Loyasa (■‘^‘) with Francisco 
de Hoccs in 152'), had lltt? elfect of coutimially directing 
the utteiitioii (-f tiavigators to the *sovit hern consicllatiotis. 
According to the journals which we possess, and to the his- 
torical testimonies of Angliiera, this was especially the case 
in the voyage of Ani»?rigo Vt's{)Hccj and Vicente Yauez 
Pinzon, in which Cape St. Augustin, in 8" 2u' S. Lat. was 
discovered. Vespucci botists of having seen tisree Cano- 
pn.'jcs (one dark, '* Canopo fosco,” and tvto “Canopi lis- 
plcudcnti"). According to the attempt inude by Iddcr, th< 
iugeuious author of works on Sidereal Vioiueiicluture anti on 
Chronology, to elucidate Vespucci’s very cojifuscd descrip- 
tion of the southern hcaveu.s in his lette r to Lorenao Pier- 
francesco de Medici, Amerigo must liavc used the word 
"Canopus'’ in a manner as vague as did .Aridriatt astro- 
nomers the word " Suhcl.” Idclerslunvs that the "C'auopo 
fosco nella via iattea," wa-s no other than tiie black sjmt, or 
large "coal-bag,” in the southern cross ; and that the pasition 
of ihrcTi stars supjrosvtd to be identified with a, ji, atid y of 
the constellation of Mydnis, renders it highly probable that 
the "Canopo risplundentc di iiotabile grandezza," was the 
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nubecak major, and tlie second '‘Canopo rispIeDdente/* 
the DubtH^ula minor (■*■*'*)• It seems surprising that ou 
becoming ac(|uaiuted with these new celestial objects Ves» 
pucci should not liave compared them, as at lirst sight all 
other observers have done, to “ clouds” ; such a con}{Mwisou 
apjiears to present itself almost irresistibly. Petrus Martyr 
de Angbiera, who was {lersonaUy acquainted witli all the 
discoverers of that remarkabh* cpoc!h, and whoso letters 
me written under the vivid impression received by him 
from their narrations, depicts in an unmistakeable man* 
ner the mild but onequai li^it of the nubecula! : he says, 
” Asseeuti sunt PortugalJenses hltcrius poli gradum quin- 
quagesimum amplins, uhi pnnetum (poium ?} circumeuntes 
^uagdiim mibfcula$ beet iutueri, veluti in lactea via sparsos 
fuigores {ler nitiversi coeli globum intm ejus spatii tati' 
tndinem” llie great celebrity and long duration of 

Magellan’s voyi^e of circumnavigation (from August 1519 
to September 1522), and the length of time during which the 
numerous jwrtv belonging to it remained under ibe southern 
heavens, obscured the remembrance of earlier obsen-ation, 
and the name of “ Magellanic clouds" extended itself among 
the maritime nations bordering on the Mediterranean. 

"We have taken a single example of the manner in which 
the extension of the geographical horizon towards the South 
opened a new Held to contemplative astronomy. Navigators 
advancing imdcr these new heavens felt jxHJuiiar interest 
and curiosity in four objects : — the search after a southern 
pole-star ; the form of the Sontiiern Cross, with its upright 
position when passing the meridian of the place of ohMsf- 
vstion ; the Coal-bags ; and the revolving luinmoas clottd*. 
from Pedro de Medina’s "Arte de Navegar*^ (libv v, 
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cap. ll)» which appeared first in 1545, and was translated 
into many languages, we leani that as early as the first half 
of the sixteenth century meridian aUitu<Ies of the " Crtizero” 
w'cre employal in detenninations of latitude : ineasaremeiu, 
therefore, soon followed simple a)nteniplation. The first 
examination into the position of stsirs near the Antarctic 
pole was made by means of distances from known stars 
whose places had been detenriined by Tycho Brahe in the 
Rudolphine Tables ; the credit of it belojigs, as has been 
already remarked {***), to Petrus Tlieodori of Emden, and 
Friedrich Houtinan of Ifollaud, who sailed over the Indian 
seas in 1594. The resulf^ of their measurements were 
soon adopted in the star-catalogues and celestial globes of 
Blaeuw in 1601, Bayer in 1603, and Paul Merula in 1605. 
These were the feeble commencements of investigations 
into the topography of the southern- heavens previous to 
Halley (1677), and previous to the meritorious astronomical 
endeavours of the Jesuit Jean de Fonlaney, of Richaiid, and 
of Noel. The histories of astronomy and of geograpliy, in 
intimate connection with each other, bring before us the same 
memorable epochs as conducive alike to the completion of 
the genenil cosmical picture^ of the finmuneut, .and of the 
outlines of the terrestriid continents. 

The two Magellanic clouds, of which the larger covers 
forty-two and the smaller ten stpiare degrees of the celestial 
vault, produce at first sight, as seeit by the naked eye, the 
same impression as would be made by two detached bright 
portions of the Milky Way of corresjKinding dimensions. 
In strong moonlight the smaller cloud disapjiears eutirely, 
while the larger one. only loses a considerable portion of its 
light. The drawing given of them by Sir John Hcrschel 
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is. excellent, and accords perfectly with my most vivid 
Peruvian recoll«*ctions. It is to the arduous exertions of the 
same aat<ronomer at the Ca{)e of Good lloj,K! in 1837, that 
we owe the first accurate analysis of these wonderful aggre- 
gations of the most various elements !,■•■**)• H<; found therein 
single scattered stars in great munber ; groups of stars a«y:i 
globular star-clusters ; and both regular oval, and irregular 
amorphous nebula', uKire cltiscly crowded than in the 
nebtdar zone of Virgi) and Coma Bercnicis. From the 
complex character of tho nnbeenke, therefore, tiiey ought 
not to be regarded either (iis is too often done) as extra- 
ordinarily large nebula-', (vr n.4 detacherl portions of tiic 
Milkv Wav. In die Milky NVav, round star-clusters, and 
more e»ja?ciidly oval m-bulic, are exln'un iy rare piuenomena 
excepting in a small zone situated between the con- 
stellatitm of Ara and .tlic tail of Scorpio. 

The Magellanic clouds arc neither connected with each 
other nor with the Milky Way by any i>erceptit)le nebulous 
apjjcarance. The smaller nub*!cvila is situated in w hat, ex- 
cepting the vicinity of the star-cluster in Toucani {**'), is a 
kind of stiirless des<;rt ; the larger Magcllunic cloud is in a 
leSsS scantily funiishcd j>.art of the celestial vault. The 
structure and iuternal arrangeinetit of the larger nulx'cula 
arc so corapHctitcd, that uuisses are fouiid in it (like No. 
2878 of llcfschcl’s Cutulogue), iii wliich the genend form 
and character of the etitirc ebnd are exactly rcjxatcd. The 
conjecture ol the meritorious Horner, of the nubecultc having 
once been p,'Urts of the Milky Way, in which their former 
places can still be recognised, is nothing more than a myth; 
nor is the assertion of a progressive motion or cliange of 
position being perceptible in them from the time of l^oaiUe> 
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better founded. The iudefiniteucss of th«r edges as seen 
in teU’sco})es of smull ujjerture had cxiu8<5<l tiie positions 
formerly assigned to them to be inexact, and it has even 
been remarked by Sir John Hcrschel that nubecula minor 
is entered almost one hour in flight Ascension out of its true 
place in celestial globes and star maps generally. According 
to the same authority, nubecula minor is situated between 
the meridians of O’* 2^'" and h*' 15"*, and between 102'’ and 
1 0.5” north |H)lar distance; and nubecula major in 4^*40”’ 
—O'* tt"> It. A., and 150°— 102” N. P. I). Of stars, 
nebulas, and clusters, he has given in Richt Ascension and 
Declination no fewer than sAo in the larger, and 2'llin the 
smaller nnbecula. In order to ‘distinguisli the three 
cla.ss<‘9 of objects from each other 1 liave coiuited up in 
the list : — 

In nubecula major, 5S2 stars, 291 nebulic, 40 star- 
clusters ; 

In nubcetdu minor, 21*0 stars, 07 nebukv, 7 star- 
clusters. 

The smaller number of uebuhe in tbe mibeculu minor is 
striking ; their projajrtion to the nebulre in nnhccula major 
being as 1 ; 8, while the corresponding ratio of single stars 
ill tlu- two nnbeculm is about as 1 ; 8. Tliese tabulated 
stars, almost eight hundred in number, arc mostly of the 
7th and 8th magnitudes, — some being between the 9th and 
10th, In the midst of the nubecula major there is a 
nebula noticed as early os by Lacaille, (30 floradfts, Bode, 
Mo. 2941 of Sir John Ilcrscbcl,) w hich is w ithout a jrarallcl 
in any part of the heavens. It hardly iwcupies -rJ-ath 
the area of the entire nubecula, and yet witliin this space 
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S» John Herscbcl has determined the positions of 105 
stars from the 14th to the 16th magnitude;, which are pro- 
jected against or detach themselves from the altogether un- 
resolved, uniformly shining, and nucbequcred nebulous 
{ground {^*). 

Opposite to the Magellanic luminous clouds, and at *8 
greater distance from the Sf)utheru Celestial Pole, there 
revolve around it the black sp<Ks or patches which at an early 
period, at the end of the tiflcenth and beginning of the six- 
teenth centuries, attracted the attention of Portuguese and 
Spanish Navigators. They probably constitute, as already 
noticed, the “Canojio fosco” s'jK>ken of by Amerigo Ves- 
pucci, in his third vov4g(f, among the “ tliree Canopuses” 
of wliich he makes mention. 1 find the first certain iiidi. 
cation of these spoLs in the first Decade of .Viighiera's work, 
*' De rebus Oct'anicb.” (Dec. 1, lib. ix., ed. 1536, p. 
20, b.) Inlcrrogati a me naufre qui Viccntiiun Agnem 
Pinzoniun fucrant coiuibvti (1490), an ivntaictioum viderint 
polum : stcHain sc nuliam huic urctiem sinulem, quae tli»- 
ceriu circa punctum (jwjlumr) possit cognovissc inquiunt. 
l^ellarum lamcn aliam, ajunt, se prospexisse faciern den- 
aatnquc quuudam ab horizonte vajKuosam i^ligiucni, qua; 
ocolos fere obtenebraret.’' The word steila’' is here taken 
to mean generally a ccflestiid form or object, and the nar- 
rators may have expres.sed tljcuisclves rather indistinctly 
respecting a “caiigo" which ‘'darkcn.s the eyes.” Pater 
Joseph Acosta of Medina del Campo speaks in a more satis- 
factory manner resjH;cting the black patches and the cause 
of their appommee. In his Historia Natural de las Indias 
(lib, i. cap. 2,) he compares them, in respect to colour and 
form, to the dark part of the moon’s disk. " As,” said he, 
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“ the Milky Way apiistrs bright because it consists of denser 
celftstiftl matter, and therefore radiates more liglit, go the 
dark patches tphich are not seen in Europe are entirely 
without light, becitusc they form a region of the heavens 
whicli is void, », <*., comjwsed of very rare and highly 
transparent matter.” That a celebrated tistronoiner should 
have identiliod this descrijitiou with the solar spots is 
no less strange than that the missionary liioluvud (1689) 
should have taken Acost.'i’s “ Manchas negras” for the 
hitninons Magellanic Clouds (■*“). 

Eichaud, like the oldest navigators, sjreaks of the “coal- 
sacks” in the plural ; he names two, one in tlie Cross, and 
another in Eohur Cnroli : in other d^criptions this last is 
even divided into two separate spots or patches. These are 
described hv I'etiillee in the first rears of the ISth ceuliirv, 
and by Horner in a letter written to Gibers from Brazil in 
ISOd, as imperfectly defined and with confused edgins (**’). 
During my stay in Peru 1 never could make out in a manner 
f ttisfnctory t(» myself the Coal-saeks in Kobur Caroli, and 
being disposed to attribute my want of sneeess to the low 
altitude of the constellation, I turned for information and 
instniction on the subject to Sir Jobn llcrschei, and to the 
Director of the Hamburg!) Observatory, Hr. Euraker, both 
of W'hom had been in much higher southern latitudes. I 
fimnd that notwithstanding all tiieir endeavours neither of 
tliese gentlemen had ever succetHlt’d any more than myself 
in finding anything which for definiteness of outline or in- 
tensity of blackness could Im* com{«mai to the “ Cotd-sack^’ 
in the Cross. Sir John Herschcl thinks liiat we ought not to 
s])eak of a plurality of coul-sacks unless we intend to regard 
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m suoli everj' darker jwrtion of the heavens, even though it 
may present no dchnite boundnry ; (as between a Ceiitnuri 
and /land y Trianguli (**■*), between and 0 Argfis; and 
especially, in the northern celestial hemisphere, the vacant 
space in the Milky Way bi;t\veen t, «, and y Cygni) (♦**). 

The phenomenon of this clswss winch has been longest 
known, and winch is most strikirtg to the unassisti'd eye, — 
viz. the dark jmfch in the Soiuhem ('ross, is situated on 
the eastern side of that consteiJation, and is |)ear-shaj)ed, 
with a length of S and a breadth of 5 degrees. There is 
in tliis largi' space one star visible to tiie naked eye, (l)etwctni 
the btli and tiie 7t]t magniiudo), and a large number of 
telescopic stars from t«iie llih to the l-Uh insgnitudcs. A 
smsli grouj) of tO str.rs occtipi»;s neariy tiic centre of the 
.space I’ancity of stars and contrast with tiie snr- 

rouiiding brightness liavo lH:en Jissigned iis the causes of the 
sensible blacbn .ss of the space in question ; atul since the 
time of LiM:aiIk’ this exfianatiun has been generally 
received. It has Inca more partictiiarly siipnoriard by the 
resulis of '* sjar-ganges aiid sHee|>s” liikcn arotind llte space 
where the Milky Wav appear.s a.s if covered by a black 
clbod. With equal htitls of view the swraqis gave withir 
the coal-sack from 7 to S> teh^copic stars, (never jverfeti 
vacuity nr biaiik lit hist, while around iuitl beyond the 
liorders from 150 to 200 stars were coiintcil. Whilst 1 
rewiained nmkr tlic sonthtm tropic, and under the iaflnciKT 
of the powerf'd impre.s»ion made ujKjti tne by the fts|H*ct of 
the celestial (.anopy towards which niy attention was eon- 
tinually drawn, tl<e above explanation, fnmi the effect of 
contrast, appeared tc» me, probably erroucousiy, to be an 
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nnsatisfactery one. Sir William HerschePs coiisideratioi^s 
on the quite starless space-s in Scorpio and Ophiucus, which 
he terms "openings in the heavens," led me to tlie idea that 
jK!rbips in such regions tlic sulcreal strata rniiy be thinner 
or may even bo entirely intjaTii{>ted ; that our ojdical i«- 
sUTimeuts fail to rcacli the last strata, suid that “ we 
look as through tubes into (he reniottst regions of 
sj>acc." 1 have already idhuUd elsewlierc to these "o])en- 
iiigs” ; and the elfects of jMjrspective on siu-h inter- 
ruptions in the sidereal strata liave very recently formed the 
subject of grave discussiiiji. (**“) 

The consideration of t!if.*outeriijost and remotest strata 
of sclf-lmninous worlds, tlie dislaiu^-s of nehuUc, and ai! 
the subjects which have been crowded into the last of 
the seven sidereal or ust rognost ic sections of tliis work, 
till our iinagiiiiitiou witii images ofTiine and space stu- 
passiiig our [Kiwers of <'oiicej)tiiin. t.ireat and admirable as 
liiive been tlte iidvances jnade itt the irnpruveinctit of 0|)fical 
atstrumenfs withiti the last sivfv vears, ivc liave at the same 
tinie become sutficiently fatntliar with the tiiiiiculties oi 
their eoMstruction not to give ourselves up to such during, 
and, indeed, extravagant hopes, as those with whieli tlie in- 
genious Hooke Mils seriously occupied hetH cett lliOo and 
Here, also, wc iidvance further and more se- 
eiirciy towards the gwil by niodcnitiou in oitr luiticipntiom'. 
Each of the successive generations of mankind is in its turn 
enabled to r<;joicc in the greatest and highest restiits attain- 
able hy man’s intellect fnady exerte<l from the standing 
pltice to \vhi<-h art may th«i have risen. Without enun- 
eiating in dctcrminsite numbers the extent of space-[H‘ne- 
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trating j>ower already achieved in telescopic vision, and 
without laying much stress ujiou such numbers, still our 
knowledge of the velocity of light teaches us, that in the 
faint glinmier proceeding from the self-huninous surface of 
the remotest heavenly body we have ** the most ancient . 
sensuous evidence of the < astence of matter » 
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a. The !<olar Domain. 

Vlanets and their mleUiten. cometfi, rinif of zodiacal 
liijitt, and meteoric asteroids. 

AVlun i» tlic l’ni!iol<>gi<-al 2)ortioii of the jdiysieal ilescrip- 
tion of iiift UiiivcrM’. we des'cem! from tlie lieaven of the 
fixed stars to our solar nnd {druielary sysiein, we pass from the 
great aud uuiver.'sal to the relatively small and S[)epial. Tlie 
domain of the Sun is the domain of u single fixed star 
among the myriads wliich the telescojic discloses to our 
view ; it is the limited sjkvcc within which co.«mical bodies 
of very different kinds, obeyitig the immediate attraction of 
one central body, revolve around the same in wider or nar- 
rower orbits, either aloim or accompanied by other bodies 
similar to them.selvcs and revolving round them. In the side- 
real portion of Uranology wliich I have attempted to treat 
in the earlier part of the jiresent volume, I have indeed de- 
scribed among the iniltion.s of telescojiic fixed stars, one 
class, that of double stars, which also jiresents particular 
systems, either binary or consisting of more than two mem- 
bers ; but these, notwithstanding the analogy of their 
imjielling forces, are yet in their nature diilerent from our 
solar system. In them, self-luminous fixed stars move 
around a common centre of gravity which is not occu- 
pied by visible matter; iu the solar system, dark coa- 
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mica} bodies revolve round one wbicU is selfdutninous ; 
or, to speak more precisely, round a common centre of 
^vity, which is stnnctimes included within, and sometimes 
fiUls without, the centra! body. “The great ellipse which 
the Earth describes round t he Sun is ndlectcd in a small but 
otherwise entirely similar ellipse, in which the centre of |he 
Sun moves romul tlve conunon codre of gravity of the Earth 
and Sun.^^ Wlujther the pljyudaiy bodies, ftjuong which the 
interior and exterior comets must also be included, are not 
also j>artiully capable of originating light of tlieir own, be- 
sides that which they receive from the central body, is a 
(ptestion which in tht-se gencrii indintfious needs not to be 
furtlier touched iijmnf 

We have hitluirto no direct evidence of the existence of 
dark plafietary biKlies revolving round other fixed stars. 
Should such exist, as was surmised long In'fore l^ambert br 
Kepler, the faintness of re-fhH’ted light must probably for 
ever forbid their Iteing seen Ity tlie inhabifanis of the 
Earth. Jf t!ic nearest fixed star, « Centauri, istli.stant from 
the Sun, 226,000 semi-diameters of the Earlli’s orbit, or 
7523 semi-diameters of N('ptimc'g orbit, — and if the solar 
distance of the aphelion of a comet of very wide elongation, 
that of U»S0 (to which, although on very insecure grounds, 
a perical of 8S00 years has Ix-cn attributed), is equal to 28 
fKi«tances of Neptune, — the distance of a Centauri w ill still be 
270 times more than the extent of our solar domain taken 
to the aphelion of that most <}i.stant comet. We .see the 
reflected light of Neptune at 30 times the distance of the 
fiarth frotn the Snn : if in more {mwerful teh3«cop<ss to be 
hereafter con»tmct«l there should be di8covere<l three 
more planets at dwtanccs successively increasing, so that the 
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outer one should be a hundred times the EjuIIi's distauqe 
from the Sun, tliis would still not be an eighth part of the 
distance of the aphelion of the above mentioned comet, or the 
2i00th part of that from wliich we sliould have to 
view the retlectcd light of n planet or satellite revolving 
round a Centauri, But ii may be asked, is the assumption 
<)f the exi.«tence of planets or suteliites nnolving round the 
lixed stars uuconditi<;uia!ly lu'c^ssary. If we glance at the 
subordinate particular systems within our genenil planetary 
system, we tind, iiotwiliistandiiig the anrdogies which may 
be presented by those planets round which many satellites 
revolve, that there are also ftthe^r juanets, Mercury, Venus, 
and Mars, wliich have not even a single satellite. If we 
pass from what is simply |)ossib!c and contine ourselves to 
what lia-s been actually investigated, we sliall be vividly 
impressed by the idea that tlie solar system, especially as 
the litst ten years have diseloseil it to us, atrords the fullest 
picture of easily recognised direct relations of many cos- 
micid bodies to one central one. 

In the astronomy of measurcincnt and calculation, the 
mori' limited sjrace of the planetarv system, by reason of 
this very limitation, offers, as compared w ith the cuiiisidcra- 
tion of the heaven of the fixed .^tars, incontestable advan- 
^tages in respect to the evidence and certainty of the results 
^obtained. Much of sidereal astronomy is simply contem- 
plative ; it is so in rcganl to star-clusters and nebulae, and 
lsIso the very iiusecurely grounded photometric classitication 
of tlie fixed stars. The best assured and most brilliant 
departmeut in astrognosy, and which in otir own time has 
received such exceeding improvement and cjilargement, is 
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that of the iMemrination of jwsitions itt Eight Aacensioa 
and Dedinsition, whether of single tixtsl stars, or of double 
stars, star-eliisters, and nebuhe. Measurable reJations of a 
more diflicuU class, but yet susceptible of a greater or less 
degree of accuracy, are presented by the proper motion of 
stars ; — the elements by means of which their pamllax may 
be sought ; — telescopic star-gaugings, throwing light on 
their distribution in space ; —and tlie periods of variable 
stars and slow rtjvolutions of douldc-stars. Subjects whicii 
by their natun; escape from the donuun of measurement, 
projierly so called, sucli as the relative position and tlie 
forms of sidereal strata or aniivdi ; the arrangement of the 
structure of flu? unive'se ; the effects of rapidly transforming 
natural agencies in the blazing forth and sjicedily suc- 
ceeding extiuetion of wind have bi'cn called new stsirs, all 
affect the mind the ,more vividly and profoundly from the 
wide scop* which they furnish to tlie fnscinuting exercise of 
the imaginative faculties. 

We purp>se!y abstain in the following pages front all 
considerafions rcsp;cling the comieetion of ottr solar systetn 
with the systems of the other fixetl stars; we do not {>ro|»os’ 
to return to questions resjteeting the subordination and mutual 
dependence of dilTerent systems, — questions which appiar to 
grow out of what are felt to be intellectual wants ; as for 
example, whether our son l>e not itself in a state of planetary 
dependence on a higlier system, p'rhaps not even as a 
primary planet, but otdy m the satellite of a planet, like the 
moons of J npiter in our own systeim. We limit ourselves to the 
liome circle of the sobr domain itself ; and in doing so we 
enjoy the advantage that, with the exception of what relates 
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* to thft iRterpfetation of the appearance of the surfaces, and 
to the giaeoUs envefopes of the different orbs, to the sicSple 
or divided tails of comets, the ring of zodiacal light;^and the 
enigma of the phenomenon of meteoric asteroids, — almost 
all the results of obser\'ation arc susceptible of reduction to 
numerical relations, and all present themselves as conse- 
quences of assumptions admitting of being brought to the 
test of strict deinotistnition, ^ 

Such demonstntfioii does not fall within the scope of (his 
“ Sketch of a I'hvsical Description of the Universe,” but the 
methodical preseutation of tlie nmn<;rie{J results iu a brief 
and collected form does belwig to llieplan of such a sketch. 
These results constitute the rich inheritance which, evermore 
growing by continual acoession, is handed down from one 
century to another. A table containing the tmmerical ele- 
ments of the planets (showing in the case of each planet it.s 
mean distance frcjm the sun, its jKriod of revolution, escen- 
tricitv of orbit, iuclinafiou to tlje ecliptic, diameter, mass, 
and density), gives in an exceedingly small space the 
standard of knowledge, or the intelhictual iicight in this 
resjiect, to which the age has attained. If we throw our- 
aelvcis back in imagination for a moment into the times of 
classical antiquity, and figure to ourselves PhiloiausthePyTha- 
gorean (the instructor of Plato), Aristarchus of Samos, or ilip- 
parclms, in possession either of a sheet with such a table of 
numbers, or of a graphical representation of the planetaiy 
orbits such as is given in our briefest elementary works, we 
could only comp#e the astoniebmeut of these men, the 
heivms of the more limited kuowle^, to that of Bras- 

toitheues, Stiiabo, or Ptoieroy, if one of our maps of the 
VOL. ni, » 
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world., on Merc.-itor's projection, of a few inches in siee, 
could have been placed before them. 

Tlie^return of comets in closed elliptic orbits, inasmuch as 
it is the result of the attracting force of the central body, 
must be held to indicate their coniprehensiou within the 
boundary of the solar dominion. But since we are uncer- 
tain whether comets may not hereafter appear, the major 
axes of whose ellipses shall bejound to exceed iu length any 
of those which have yet been calculated, we can only say that 
the remotest cometury aphelion with which we are acquainted 
marks the smallest or least distant limit wliieh can be assigned 
to the solar system, i.e, its minimum extension. We regard the 
solar system, therefore,(as being characterised by the visible 
and measurable results of central forces acting within tlie 
system, and by cosmical bodies {planets and comets) which 
revolve in closed paths around the sun, and remain attached 
to it by a direct and positive connection. The attraction 
exerted by the sun in wider spaces beyond those returning 
and revolving bodies on other suns or fixed stars, does 
not belong to the considerations with which we are here 
engaged. 

The solar domain comprehends, according to the state of 
our knowdcclge at the close of the first half of the nineteenth 
century, and arranging the planets in the order of their 
distances from the central body — 

TWUKTY-TWO PLANETS. (Mercury, Venus, Earth, 
Mahs; Flora, Victoria, Vesta, Iris, Metis, Hehe, Par- 
then ope, Irene, Astr<ea, Eyeria, Juno, Ceres, Pallas, 
Myyiea ; Jupitbr, Saturn, Uranus, Neptune.) 
{n\'ENTY.ONE SATELLITES. (1 belonging fo the 
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Earth, 4 to Jupiter, 8 to Saturn, 6 to Uranus, 2 to 
Neptune) . 

One hundred and umety-sev^en Comets, whose paths 
have been calculated : amongst them are 6 interior, i. e 
whose aphelia are included witliin the outermost pianetaiy 
orbit, viz. that of Nepiune. 

The solar system comprises, besides the above-mentioned 
bodies, with great probability, *11)0 ring of the Zodiacal 
Light, situated jnsrhaps between the orbits of Yenus and 
Mars. 

And, according to the opinion of many observers, the 
host of meteoric asteroids whicli intersect the Earth’s 
path, more especially at particular poinis. 

In the above enumeration of the 22 planets, of which 6 
were knowm previous to the 13th of March 1781, the 8 
greater planets are distinguished by larger type from tlie 
14 smaller planets, sojnelimes called " co-])lnriets,” or 
“asteroids,” whose intersecting orbits are situated between 
Mars and Jupiter. 

In the modern history of planetary discoveries, the leading 
epochs have been the discovery by lYilliam Ilerscliel at 
Bath on the 13th of March, 1781, of Uranus, being the 
iirst planet discovered beyond the orbit of Saturn, and 
|ecognised as a planet by its disk and by its motion ; — the 
discovery by Piazzi, at Palermo, on the 1st of January, 1801, 
of Ceres, the 'first of the smaller planets; — the recognition 
by Encke, at Gotha, in August 1819, of the first “ interior” 
comet ; — and the announcement from calculations of plane- 
tary disturbances of the existence of Neptune by Le Verrier, 
at Paris, in August 1846, as well ns its actual dfbeovery by 
Gallc, at Berlin, on the 23d of September of the. same year. 
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Each of these important discoveries has not only had for its 
direct result the immediate enlargeiueut and enriclimeut of 
the solar system os known to mankind, but it has also given 
occasion to numerous similar discoveries : to the recognition 
of 5 other interior comets (by Biela,Faye, de Vico, Brorsen, and 
IV Arrest, between 1826 and 1851 ; and of 13 small planets, 
three of which (Pallas, Juno, and Vesta), were discoverctl 
between 1801 and 1807, aiid after an interval of fully thirty- 
eight yea»6, in mpid succession, following the happy and well- 
planned discovery of Astra?a by Hencke, Decembers, 1845, 
of nine others by Hcncke, Hind, Graham, and de Gasparis, 
from 1845 to the middle of 1851. Attention to comets 
has so much increased, that in the last eleven years the 
jjaths of 33 newly discovered comets have been calculated, 
being nearly as many as were computed in the course of the 
forty preceding years of the present century. 
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TUB SUN AS A CENTRAL BODY 

• 

"The luminary of tlie World (lucer^ia Mundi), enthroned 
in the midst,” as Copernicus terms tlie solar orb, — ac- 
cording to Theon of Smyrna tlie " all animating, pul- 

sating heart of the Universe,” — is to, our planet the great 
source of light and radiant heat, and the exciter not only of 
many terrestrial electro-magnctic processes, but also of the 
greater part of the processes of organic vital activity, and more 
especially of those of vegetable life. The Sun, if we desire 
to indic.vte its influences and effects with tlic greatest gene- 
rality, may be said to produce changes on the surface of the 
Earth partly by attraction of nnuss, as in the ebb and flow 
of the ocean (if we abstract from the whole effect the portion 
due to lunar attraction) ; partly by light- and heat-exciting 
undulations, (transverse vibrations of the ether), operating 
both directly, si§d also by the fertilisijig intermixture of the 
aerial and aqueous envelopes of the planet, effected through 
the medium of the evaporation of the liquid element from 
scRs, lakes, and rivers. To the solar agency are also due 
those atmospheric and oceanic currents occasioned by dif- 
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feences of tempernlure, of which the latter have acted for 
thousands of vears, and still continue to act though with 
less energy, in modifying the form and character of the 
terrestrial surface, — in some places by abrasion and denu- 
dation, ill others by the accumulation of transported 
detritus. The sun’s influence operates, moreover, in producing 
and maintaining the electro-magnetic activity of the crust of 
the Earth, and of the oxygeiv. contained in the atmosphere ; 
it acts sometimes silently and tranquilly in forces of chemical 
attraction, and in determining the varied processes of organic 
life in the endosmose of vegetable cells, and in the texture 
of muscular and nervous fibfes ; — and sometimes with 
more obvious and tumultuous energy, by calling fortli in the 
atmosphere luminous processes, coloured flashing polar light, 
lightning, hurricanes, and water-spouts. 

I have attempted the enumeration in a single brief sketch 
of the various solar influences, so far as they do not relate to 
the position of the axis and to the path of our globe, for the 
sake of bringing vividly into view, by means of the presen- 
tation of grand and varied phenomena which at first sight 
appear so heterogeneous, that character of my work which 
tends to depict physical nature in this “ book of the 
Cosmos” as a whole, moved, and as it were animated, by iu- 
ternal, often mutually compensating and counterbalanmng, 
forces or powers. But the luminous undulations act not 
alone on the material worid, decomposing and reuniting its 
snbstances in fresh combinations,-— they do^ not merely call 
forth from the bosom of tlie earth the tender germs of plants, 
— ^elaborate in leaves the substance (chlorophyll) tc which 
tb^ owe their verdure, and in flowescs their tints #ttd 
fragrance^ and repeat a thoiisahd> and again a 
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times, the Sun's bright image in the sparkling play of the 
v avea of the sea, and in the dew-drops on the blades 'of 
grass as the breeze sweeps over the meadow ; — the light of 
heaven, in the various degrees of its intensity and duration, 
also connects itself by mysterious links with man’s inner 
being, — with his intellectual susceptibilities, and with the 
cheerful and serene, or the melancholy tone of his disposi- 
tion : — Cceli tristiliarn discutit Sol et humani nubila aiiimi 
serenat.” (Plin. Hist. Nat. ii. 6). 

In describing the several cosmical bodies, I commence in 
each case with the numerical data belonging to them, and 
place next whatever infei’etices the present state of our 
knowledge may enable us to draw respecting their physical 
constitution. I'he arrangement of the numerical results is 
nearly the same as in Hausen's excellent “ Uebersiclit des 
Sonnensystems” but with additions and modifications, 
— inasmuch as, since the year 1837, when Hansen wrote, 
eleven planets and three satellites liave been discovered. 

The mean distance of the centre of the Sun from the 
Earth is, according to Encke's valuable correction of the 
Sun’s parallax (Abhandl. dor Berl. Akad. 1835, S. 309), 
20682000 (German) geographical miles of 15 to a degree of 
the terrestrial equator (equal to 82728000 English geogra- 
phical miles), each German mile containing according to 
Bessel’s examination of ten measured (Kosmos, Bd. i. 
S. 421, Eng. Ed. p. xlii., Note 130), precisely 3807.23 
toises, or 22843'33 Paris feet j (in English measure 6086'76 
British feet to a British geographical mile 60 to a degree.) 

According to Struve’s observations of aberralion, light 
takes tp reach the Earth from the Sun, or, in other v ords, to 
trftyeise' thb semi-diameter of the Earth's orbit, 8' l7'^78 
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(Koamos, Bil. iii. s. 91, and 127 Aura. 52, Eng. ed. p. 78* 
anil Note 140), whence the true place of the Sun is 20".445 
in adva^ice of the apparent place. 

The apparent diameter of the Sun at its mean distance 
from the Earth is 32' T'.S : only 54".8 more than the ap- 
parent diameter of the disk of the Moon at her mean distance 
from the Earth. At our perihelion, in the winter when 
we are nearest to the Sun, its apparent diameter is increased 
to 82'* 34".G ; at the aphelion in the opposite part of the 
year, wdien we are farthest from the Sun, its apparent dia- 
meter is diminished to 31' 30".l. 

The true diameter of the Swn is 192700 German, or 
770800 English geogBiphical miles; or, more than 112 
times greater than the diameter of the Earth. 

The mass of the Sun is, according to Encke’s calculation 
of Sabine’s pendulum formula, 359551 times that of the 
Earth, or 355499 times the mass of the Earth and Moon 
taken together (Vierte Abh. iiber den Coincten von Pons in 
den Schr. der Berl. Akad. 1842, S. 5); this would make 
the density of the Sun only about one quarter (more exactly 
0'252), of that of the Earth. 

, 'riie Sun lias 600 times more volume, and according to 
Guile, 7 38 times more mass, tlian all the planets together. 
In order to convey in some degree a sensible imsi^e of 
the magnitude of the bodv of the Sun, it has been remarked 
that if we were to imagine the globe of the Sun entirely 
hollowed out, and the Earth placed in its centre, there 
would still be room for the Moon’s orbit, even though the 
semi-diameter of the said orbit were to be increased by 
upwards of 40000 (160000 English) geographical milesi 

The Sun rotates round its axis in 25 days ; its eqi^tor 
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is inclined 7 to the Ecliptic. According to Laugier^s 
verr carefitl observations (Comptes rendus de VAcad. des 
Sciences, T. xv. 1842, p. 941), the time of rotatipn is 
25.34 days (or 25 days, 8 hours, 9 minutes), and the iiicli- 
iiation of the Equator is 7^ 9' 

The conjectures res))ecting the pliysical character of the 
Sun, at ivhich modern astronomy has gradually arrived, are 
founded on long and careful ol^servation of changes seen to 
take place in the luminous disk. The order of succession 
and the connection of these changes (/. e. the apparent for- 
mation of the solar spots and the relation of their centres or 
nuclei of deej) black to surrounding ashy grey penumbras), 
have led to the supposition that the ar^tual body of the solar 
orb is itself almost entirely dark, but encompassed at a 
(ionsidentble distance by a luminous envelope, in which 
funnel-shaped openings are produced by the action of cur- 
rents from below upwards, and tliat the black nuclei of 
the spots are portions of the dark body of the Sun seen 
through these openings. In order to make this explanation 
which is here noticed in a cursory manner and only w^itli 
the greatest generality), account more satisfactorily for the 
various particulars of the observed phenomena, there ai*e 
assumed, in the present state of our knowledge, three solar 
envelopes : first, an inner cloud-like vaporous envelope; over 
this the luminous envelope (photosphere) ; and above this 
again (and as apparently indicated more particularly in the 
phenomena of the total solar eclipse of the 8th of July, 1842), 
an external vaporous envelope, eitlier dark or only very 
faintly illuminated 

As happy anticipations and imaginations, long antecedent 
to all actual observation, sometimes contain the germ of 
true views, (Grecian antiquity is full of instances of such 

K 2 



so ire as 

obrly as the soiddle of the fifiecatb centory, iu the writings 
of Qudinal Nieotaos, of Cus% in the second book of the 
ti^ise Dedoeteignoirantie/’ the opinion deeriy expeessed^ 
that the body of the Sun is only an earthy kernel surrounded 
by a luminous shell as by a fine vefl, and haring in the 
tniddle (between the diutk kernel and luminous shell ?) a 
mixtute of water-bearing clouds and clear air similar to our 
atmosphere ; and that the power of radiating forth the light 
which animates vegetation on the surface of the Earth 
belongs not to the earthy kernel or nucleus of the Sun, but 
to its bright surrounding covering. Tliis view of the phy- 
sical constitution of the Sun, which has hitherto attracted so 
little notice in the history of astronomy has a great 
resemblance to the views which prevail nt the present 
time. 

I have shown in an earlier volume, in the notice of 
"historical epochs iu the physical contemplation of the 
Universe'^ that the spots on the Sun were first seen 
and described iu print, not by Galileo, Scheiner, or Harriott, 
but by Johann Fabricius of East Friesland. Both the 
discoverer, and also Galileo, as is shown by his letter to the 
Principe Cesi, written on the 25th of May, 1612, knew that 
the solar spots belonged to the Sun itself ; nevertheless, ten 
and twenty years later, a Canon of Sarlat, Jean Tarde, and 
a Bel^an Jesuit, maintained that the spots were transits of 
small planets ; by the one called Sidera Borbonia, and by the 
other Sidera Austriaca . Scheiner was Ihe first to adopt 
the use in observations of the Sun of the blue and green shade- 
masses (^®®) which had been suggest^ 70 years before by 
Apian (Bienewitz), in the “ Astrenomieum Cffisareum,” and 
liad long been made use of by the Belgian navigators j the 
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non-«*ni>loyi“cut of which had greatly contributed to occasion 
Galileo’s loss of sight. 

As elicited by actual observation after the discovery of 
the solar spots, 1 find the earliest and most definite expres- 
sions as to the necessity of assuming the Sun to be a dark 
globe surrounded by a luminous envelope (photosphere), from 
tiie jKjh of Dominique Cassini ial67i(*7®)Accortliiig to liijn 
the solar disk wluch we see^ is a luminous ocean sur- 
rounding the solid and dark nucleus of the Sun ; tumultuous 
movements taking place in the luminous envelope allow 
us from time to time to see the mountain summits of the 
non-luminous body of the 8un itself. They are the black 
nuclei in the centre of the solar spoils.” The ash-coloured 
penumbras surrounding the nuclei still remained witliout 
any attempt at explanation. 

An ingenious, and since often confirmed observation, made 
by Alexander Wilson, the Astronomer of Glasgow, on u 
large solar spot on the 22d of November, 1769, led him to 
an explanation of the penumbras. Wilsou discovered that 
as a spot moves towards the Sun’s limb, the penumbra on 
the side towards the centre of the Sun becomes gradually 
narrower and narrower as compared wUh that on the 
opposite side. He inferred, very justly, from the ratios of 
these dimensions, that the nucleus of the spot (the part of 
the dark body of the Sun becoming visible through the 
fimnel-shaped excavation of the luminous envelope), is 
situated deeper than the penumbra, and that the penumbra is 
formed by the steep declivities or side walls of the funnel 
This mode of explanation, however, offered no reply to the 
question why the penumbra should be lightest near the 
dark nucleus ? 
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Gur Ikrliu Astronomer, Bode, without being actjaiiinied 
with the earlier memoir of Wilson, developed, in his pecu- 
liarly Jucid and popular miiiiner, perfectly similar vie wa, in 
his " Thoughts on the Nature of the Sun and the origin of 
its spots” (“Gedankcn tiber die Natur der Sonne und die 
Enstehung ihrer l’’!wkfn"). Bode had also the further 
merit of having faciliiated tht? exjdunation of the penumbra 
by sissuming, almost as in the anticipatory conjectures of 
Cardinal Nicolaus of Cusa, an additionid stratnm of cloudy 
vapour betwms tlx; photosjilicrc and the dark body of the 
Sun. This hypothesis of two distinct envcloj[)es leads to the 
following inferences if, in the*»smaller number of cases, an 
ojK'iiing is formed in ,lhe photosphere only, and not at the 
same time in the inner vajKjrous stnitnm which is 8upj)os*}d 
to Ihj only imperfectly illuminated by the brighter outer one, 
then tins inner envelope will reflect towards the earth only 
a very mitigated light, and tlius there is produceil a grey 
penumbra without any black nucleus. But if in the tem- 
{vestuous meteorological processes taking placi' on the surface 
of the Sun the o|)euii.g penetrates both envelopes (/.c. both 
the luminoms and tlie cloudy one), then there ap{>eiws in the 
ash-colourcd penumbra, a nucleus “ .■•hewing a more or less 
intense blackness acconling to the character of the .surface of 
the body of the Sun at the part exposcfl by the opening” (^^*). 
The shade round the nueleu.« is a part of the external surface 
of the inner vapptous stratum, and as the latter, by rea«m uf 
the funnel shape of the whole excavation, haa a stnaller 
opening tlian the photosphere, so the path of tlie rays wbich on 
both sides paas along the edges of the interrupted Stnda, and 
arrive at the eye of the observer, explains tlm diSeience first 
perceived by Wilson to take place gradually in the rdlative 
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breadths of the opjxmte sides of the peuumbr&> as the distaoce 
of < he nucleus from the centre of the Sun's disk increases. 
When, -Laugier has more than once remarked, the penupibra 
spnsnis over the black nucleus itself, so that the latter dis* 
appears altogether, the cause is that (he opening of the inner 
cloudy envelope is closed, whilst that in the photosphere 
remains open. 

A solar spot visible in 1779,to the naked eye fortunately 
led the genius of' William llerschel, happy alike in observa- 
tion and combination, to the subject now before us. The 
results of his great e.iatnination, in which the details of 
>everal cases are treated amjrfdiug to a very definite nomen- 
clature established by himself, are givejj in the Philosophical 
Transactions of 179.^ and of 1801. He proceeds a.s usual in 
his own manner, and merely names Alexander Wilson once. 
His view is in its generality identical with that of Botle ; his 
iiiter{»retation of the visibility and diiuensions of the nucleus 
and the penumbra (Phil. Trans. 1801, p. i70 and 31S, 
Tab. x\ iii. fig. 2), is bami on the assumption of aji opening 
in two cnveiojies ; but besides these he places between the 
envelope and the body of the Sun (p. 302), a clear and 
tran.spi\rent atmosphere, in which dark clouds (or at least 
only faintly illuminated by reflection) are suspended at a cou- 
siderable height, — as three huiwlred (English) geographical 
miles. Win, llerschel seems, indeed, inclined to believe the 
photosphere also to be only a stratum of ui^tpiinected phos^ 
phone clouds with very uneven surfaces. It seems to him 
tliat an ehtstio fluid of an unknown nature rises from the crust 
or surffice of the dark body of the Sun, oceasioninjg ha the 
upper n^on*, when it acts most feebly, only small pores or 
punctures, and when it acts most energetically and tempes> 
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openic^ with their ^rk centm or oociei 
ilSrroQnded hy peaumbras or ^ 

^ ^1^ black nuclei of the mbir spots, which we aeidoni 
round, but, on the contrary, almost always characterised 
by comers, jagged edgos, and re-entering inglra, are. 
often mrrounded by pennmbraa in wfakh the awe figure 
is repeated on a larger scale. There is no perceptible gra- 
dual transition from the cqlour of the nucleus to that of 
pmiumbra, or from the paaurabrtk, which has some- 
times a filamentous appearance, to the photosphere. Ca- 
jMjcci, and a very diligent observer, Pastorfl’, (at Buck hob, 
near Frankfurt on the Oder), have given very exact draw- 
ings of the angular forms of nuclei, (Sebum. Astr. Nachr. 
No. 115, S. bl6, No. 133, S. 291, and No. IM, S. 
471). William Herschei and Schwabe saw the dark 
nuclei crossed by shining veins of light, and even by, ae it 
were, luminous bridges,” — phenomena of a cloiid-like 
nature belonging to the second stratum which produces 
the penumbras. These singular forms, probably the cuosc- 
queuces of ascending currents, the tumultuary formation aJid 
appearances of s|>ots, faculae, farrows, and projeoring ridges 
-{the crests of luminous waves), are regarded by the astro- 
nomer of Slough as indicating powerful evolution of light •, 
while on the other hand he considers the alienee of solar spots 
iiud their acopgifanying phenomena to indicate comparative 

and consequently a less degree of 
beneficial aetkit on the temperature of our planet and os 
v^etorion. These conjectures led Wm. Hersriiel to attempt 
to biffil' into eompmisoa and connection ibe absmice of solar 
q^ots iuriie y«»» 1676-— ^1684 {according to Fhunstead) ; 
from 1686 to 1066 {according to Bominique Cassini) ; &om 



169S to 1700 j and from 1795 to 1800 ^ with the prices of 
com and the cotaplaints which bad been ttiade of bad 
Imrvesla Unfortunately, however, the knowledge of 

the numerical elements required to famish the base of even 
fi conjectural solution of such a problem must always be 
wfpiting; not only, as llerscliel himself justly remarked, 
because the price of corn in one part of Europe cannot 
atVord a standard whereby to judge of the state of vegetation 
over the whole continent, but also and more especially, be- 
cause we can by no means infer from a diminution of the 
mean temperature of the year extending even over the whole 
of Europe, that in that yChr the globe generally had re- 
ceived a less quantity of warmth th« usual from the Sun. 
Dove’s investigations on tlie non-periodic variations of tem- 
perature have tended to show that " oppositions,” or con- 
trary states of weather, are always placed laterally side by 
side, in the same, or almost the same, parallels of lati- 
tude. Thus our continent and the temperate part 
of North America are usually opposed to each other 
m this respect, so that if Ave have an abnormally 
severe winter, the winter there will be milder than in 
ordinary years, and vice cercti. Seeing the unquestionable 
influence of the mean amount of summer heat on the 
cycle which vegetation pa.sses through, and therefore on the 
success of cereal crops, we must regard such compensaS 
tions in the distribution of temperature, qs>er puets of the 
globe united by easy and convenient communication by 
sea, as productive of highly beneficial consequences to 
mankind. 

While William Herechel attributed to the activity of the 
central body, mamfrtfitod In the processes of which the solar 
spots are results, the effect of an increase in the temperature 
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of ibe Earthy Batwia Baliaui, nearly two centuries and a half 
b^ore, in a letter to Galileo, described the^ spots us cooling 
agemaes A similar inference has been drawn from 

the essay made by the diligent, astronomer Gautier at Ge- 
nerw to comimre four }>eriod8 of frequency and paucity 
of spots on the sun’s disk (from 1827 to 184U) with the 
mean temjjeratures shewm by 83 European and 29 Ameriedii 
stations ; but the residual quantity on the side of the sup- 
|K}sed cooling power of the sohir spots, (scarcely 0°‘42 
Centigrade, or less than 0°’8 Fahrenlieit), is so stnuli, that 
even for the particubir localities it may be attributed to 
errors of observation or to the vuflnence of the direction of 
the wind. We remark in this comparison indications of 
the opposite affections of the two sides of the Atlantic, 
in accordance with Dove’s general inferences. 

It still remains to, speak of the third and outermost of 
the three solar envelopes which have been referred to ; it is 
supposed to be above the photosphere, and lo be eloudy and 
of imperfect transparency. The remarkable phetioineua of 
red mountain- or llame-likc fonus, which, during the total 
soJar eclipse of the 8th of July, 1 842, were seen, though 
not for the first time yet much more clearly than before, 
and observed simultaneonsly by several of the most prac- 
tised observers, liave led to the hy|K)thesi.s or assumption of 
inch a third enveloiK! or covering. Arago, with great acu- 
mmi, and idler a examination of the observations, 

has enumerated iit a treatise on the subject the grounds 
which, appemr to necessitate this assumption, lie has at 
the same time shewn that similar rose^tmloured marginal 
protuberances have beett already de^ribed on tmeasions of 
total or annular eclipses of the sun since 1700 (^^7). On 
the ment occasion, July 8, 1842, when the disk of the 
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Moon covered the entire solar disk, (its apparent diameter 
being at that time greater than tliat^f the Sun,) there was 
seen not only white shining appearance forming aco^ona 

or bright circle surrounding the Moon, but also, as if attached 
in the limb or margin of the Moon, two or three rose-tinted 
elevations, W'hieh some observers compared to mountains, 
others to reddened masses of ice, and otliers to motionless 
jatrgcd or pointed thunes. Aragp, Laugier, and Mauvais at 
Peipignan, Petit at Moutjjellier, Airy on the Superga near 
Turin, Sclunnacher at Vienna, atid many other astronomers, 
agreed perfectly with each other in respect to the main 
features of the general pheitfjmenon, notwithstanding the 
great diversity of the telescopes employed. The elevations 
were not seen in all cases at the same inomcrit of absolute 
lime, and at soino itlaccs tlicy were even observed with the 
naked eye. Their heights were also diligrcntly estimated by 
the ditlerent observers ; the surest estimation is {wobably 
that of Petit, the dir<*clor of the Observatory at Toulouse: 
it was 1' 45", which, if the protuberances were really solar 
mountains, would correspond to elevations of 40,000 geo- 
graphical miles : this is almost seven times the diameter of 
our globe, while the solar diameter is only 112 times that 
(liameter. The consideration of the whole of these phe- 
nomena has k*<l to the very probable hv}x>thesis of these 
roseate forms being uudulutioiis or })rotiiberances of the third 
envel(n>e, or masets of cloud illuminated and coloured by 
the photosphere Arugo, in putting forward this hy- 

pothesis, expresses at the same time the conjecture, that the 
darkness of the deep blue sky at great terrestrial altitudes, 
the intensity of which I had myself measured on the highest 
Cordilleras,— (instrumeutal means for such mcasuremeats 
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were indeed^ and even still are, very imjierfeot,)-— may render 
it poasit^e to. obtain fre||uent oi^rvations o£ those mountain- 
like, olouda bebnging to the outermost vaporous solar ^mo- 
spliere 

It is only at two periods of the year, viz. on the Sth of June 
and 0th of December, that the solar spots describe on the 
Sun’s disk neither convex nor concave curves, but straight 
lines parallel to each other and to the solar equator; aud if 
we examine the zones in which the spots are most fre- 
quent, we tind as a characteristic circumstance that they are 
rarely seen in the etjuatorial zone itself, from about 8® North 
to 3® South latitude, and that* they are entirely wanting in 
the neighbourhood qf the jx»les. They are on the whole 
most abundant in a belt between 11® aud 15® north of the 
equator, and generally more frequeut in the northern 
than in the southern hemisphere; or, os Summering thinks, 
arc to be seen farther from the equator in the northern than 
in the southern hemisphere. (Ilerschel, Outlines, § 393 ; 
Cape Observations, p. 433.) Galileo had already assiguwi 
29® of north aud south heliocentric latitude for the extreme 
limits of the s]>ots. Sir John Herschel has extended these 
limits to 35®; as has also Schwabe. (Schum. Astr.Nachr., 
No, 473.) Single spots have been found by Laugier 
{Comptes Rcudus, T. XV. p. 944), as far as 41°, and by 
Schwabe even as far as 50°. A spot described by La Hire 
in 70® North btitude must ber^arded as a phenomenon of 
most rare oeenrremm. 

The above described distrihution of the spots on the Sun's 
disk , thmr rarity on the equator itself and in the polar mgions, 
and their arrangement pandlel to the equates, have given 
oecacion to John to ootiyeetaie that olMtscle:' 
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which the third, or outermost, vaporous euveiope um^ 
o[)pose at some points to the escape of heat, may give rise 
in the solar atmospliere to currents from the poles to. the 
equator, similar to those which, from the different velocity of 
rotation under diflerent parallels of latitude, cause on our 
globe the trade-winds and the calms which prevail in 
the more humediate vicinity of the equator. Particular 
spots are sometimes so i)cnnanejit as to return coutiuuiilly 
for six entire months, as the large spot of 1779. Schwabe 
was able to trace the same group eight times in the 
year 1840. A black nucleus winch is figured in the Cape 
Observations of Sir .John llei^chel, (of which I have so ex- 
tensively availed myself), was found exact measurement 
to be of such magnitude, that if our entire earth had been 
tlirowu into the oj)cning in the photosphere, there would 
still have rcm.iined on either side a vacant space of more 
than 920 geographical miles. Summering calls attention 
to the circumstance that there are certain meridians or bands 
of longitude in which during many years he never saw a solar 
s]tot. (Thilo dc Solis maeulis a Sa:rameringio observatis, 
] 828, p. 22.) The very different periods of rotation w'hich 
have been assigned to the Sun are not by any means to be 
attributed solely to inaccuracy of observation ; they proceed 
fi’om the. circumstance that some spots change their places 
upon the Sun’s disk. Laugier has devoted a particular 
examination to this subject, and has observed spots from 
which rotations of 24’28 and 26-46 days might be severally 
derived. Our knowledge of the actual time of the Sun’s 
rotation can, therefore, only be affirmed to correspond to 
the meau result derived from a great number of observed 
spots, which by the permanence of their form and the ia» 
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i^abiiitv of their diatauces fixtin other spots visible at the 
same time, aiford au apparently satisfuotory degree of se- 
curity. 

Although solar spots may much oftener than is generally 
supposed be distinctly recognised by the unassisted eye of 
au observer looking for them, yet after careful investigation 
we find, between the beginning of the 9th and of the 17th 
centuries, at the utmost, not njove than two or three notices 
of their appearance upon which we can deiJcnd. I reckon as 
such the supposed presence of Mercury upon the sur»'s disk 
for a period of’eight days, in the year 807, recordtal in the 
annals of the kings of tlie 'Franks, whicli were ascribed 
first to an astronomcf belonging to tlie Bcneclictiue order, 
and afterwards to Egiuliard ; the transit of Venus over tlie 
Sun, lasting 91 days, said to be observed under the Calipli 
A1 Motassem in 840 j and the Signa in Sole” in the year 
1096, according to the Staiudclii Chrojneon. The his- 
torical records of occasions on w hich the Sun has been 
darkened, — or, as it would be more accurately expressed, 
when there has been during a longer or shorter time a 
diminution of the light of day, — have induced me for a 
long time p;ist to institute particular inquiries into such 
meteorological, or possibly cosmieal, phenomena {*** )- As 
extensive series of solar sjmts (those observed by Hevelius 
on the 2<)th of July, 1046, covered a third part of the Sun s 
disk) are always accompanied by numerous f<feuUc, J. fu« 
but little inelined to ascribe to their occurrence qlscuratiovis 
daring which stars were sometimes visible as in total 
eclipses of the Sun. 

The diminutions of daylight related by annalists may. i 
think, be classed under three heads according to tl»ee wholly 
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different causes to which they may by possibility be due. 
Total eclipses of the Sun are excluded, were it only from the 
recorded continuance of the obscurations for several hours, — 
whereas, according to Du Sejours' calculation, the longest 
possible duration of a total solar eclipse is T 58" at the 
equator, and in the latitude of Paris only 6' 10"). The three 
causes to which 1 allude are: 1, disturbances in the process 
by which light is evolved, or a less intetisity iu the photo- 
sphere ; 2, impediments to the radiation of solar light and 
heat arising in the external opaque vai^mrous veil or covering 
surrounding the photosphere, by the formation iu it of un- 
usually large ami dense clouds ; .3, extraneous admixtures 
in our own atmosphere chiefly* of an organic cha- 
racter, as " trade w'ind dust.,'’ “ inky rain,” or the Chinese 
“sand-rain,” described by Macgowaii as la.sting several 
days. The causes mentioned under heads 2 and 3 require 
no enfceblement of the (perhaps) electro-magnetic, luminous 
process in the Sun’s atmosphere, (a perpetual Aurora or 
polar light) j the third is open to the objection that 
it is opposed to the visibility of stars in the middle of the 
day, which is so often spoken of in the too scanty descrip- 
tions given of the circumstances accompanying these mys- 
terious phenomena. 

Arago’s discovery of chromatic polarisation lias tended 
not only to strengthen the belief of a third and outermost 
covering of the Sun, but also to confirm the conjectures 
M'hich have been formed respecting the physical constitution 
of the central body of our planetary system. " A ray of 
light arriving at our eyes from the remotest regions of space 
teUs us in the polariscope, as it were of itself, whether it is 
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r^ect«d or rdractcil, whether it eroanates from a solid, from 
a lK)uid, or from a gaseous body, and even announces its 
degree of intensity/’ (Kosmos, Bd. i. S. S5, Bd. ii. S. 
3f0j English Ed., Vol. i. p. 37, and Vol, ii. p. 829.) It 
is essential to distinguish between natural light as it pro- 
ceeds directly from the sun, the 6xed stars, or gas-flaraes, awl 
is polarised by reflection from a glass plate under an angle 
of 35® 25', — and the polarized light which radiates spon- 
taneottslr as such from certjiin substances (glowing solids as 
well a.s liquids). The polarised light given out by the hist- 
mentioned class of bodies proceeds very probably from 
thrir interior; on {inssing fr?)m a denser body into the 
thinner surroimding etmospheric strata, it is refracted at 
the surface, and a part of the refracted ray returns inwards 
and becomes p«ilarized hy reflection , while the other portion 
presents the properti(?8 of light jMilarised hy refniciion. 
The chromatic polariscope distinguishes between these two 
kinds of light by the opjmsite position of the coloured com 
plementary image.s. Arago has shewn by careful experi- 
ments extending back to before 1S20, that radiant solid 
bodies, — e. y., a ml-hot iron ball, or glowing, shining, 
molten metal in a liquid state, — give out .simply natural light 
in the rays which is.sue from them in a perpendicular direc- 
tion, whereas the luminous rays which arrive at our eyes 
under very small angles from their edges are jKilarized. 
If we now turn the polwisscojK;, by which these two kinds 
of light me distinguished &oui each other, to gas-flames, 
no polarisation is discovered, however amall may be the 
dogles at which the rays emanate. Although light may 
be produced in tbe interior the gaseous body, yet, in 
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the small degree of density of gaseous strata, the longer 
path traversed by the very oblique rays does not appear Uf 
lessen their number and strength ; nor does the transition 
to another medium on issuing forth at the surface appear 
to produce polarisation by refraction. Now as the Sun's 
light coming from its margin in a very oblique direction, 
and at very , small angles, also shews no trsice of polarisation 
when examined by th# poliu-iscope, it follows from this im- 
[)C)r(ant comparison that the Sun^s brightness does not pro- 
ceed from its solid body nor from any liquid substance, but 
from a gaseous self-luminous envelope. We have here a 
highly imjiortant physical analysis of the photosj)here. 

The polariscope has also led to the^ conclusion that the 
Sim’s liglU is not greater at the centre of tlie disk than at 
the edges. If the two complementary coloured images of the 
Sun, the red and the blue, are so jilaced over each other 
that the margin of the one image coincicfcs with the centre 
of the other, a perfect white is produced. If the intensity 
of light in the different parts of the solar disk were not the 
sauie, — if, for example, the centre of the sun were more 
luininous than the limb, — then in the partial superposition of 
the images the conjoined segments of the blue and red 
disks would appear not of a pure white but of a pale red, 
because the blue rays would only be able to neutralize a 
portion of the more abundant red rays. Remembering, 
then, that in the gaseous photosphere of the Sun, quite in 
opposition to wliat takes place in solid or liquid bodies, the 
smallness of the angles at which the luminous rays come to 
ns from the edges of the Sun's disk does not lessen their 
number, while the same visual angle comprehends a greater 



nuiobet of luniinous points at the mar^ than nt the centre, 
' ire see that we cannot reckon on the comj^nsation which, if 
the San were a solkl bod v, as a glowing iron ball, would take 
place at live edges, between the efiectsof smallness pf radirtion- 
angle, and the comprehension of a greater number of Inmi- 
nous {>oints within the same angle of vision. If, then, there 
were no additional oircumstance to be taken into account, it 
would follow that the gaseous self«himiuous envelope, i. e. 
the solar disk st^en by us* should, in contnidiction to the 
indications of tlie po!ariscoi)P, which show equal intensity of 
light in the eentre and at the limb, be brighter at the edges 
than at the centre. That tips is not so must be attributed 
to the outermost opaque or imjierfectly transparent vaporous 
euvelojje or veil which surrounds the photosphere, and dims 
the light from live centre less than the rays from the margins 
w hich traverse the envelope by a longer path t '*®'®). Ikmguer 
and Laplace, Airy, and Sir John Herschel, are op|)osed to 
the views taken by Arago : they hold the intensity of the 
light of the edges to Imj less than that of the mitre, and the 
last-named of these distinguished physicists and astronomers 
remarks (^), “ granting the existence of such an atnio- 
aphere" (or external vaporous envelope) " its form in obe- 
dience to the laws of equilibrium must be that of aji oblate 
spheroid, the ellipticities of whose strata differ from each 
other and from that of the nucleus. Consequently the 
equatorial portions of this envelope must be of a thickness 
different from that of the jKilar, density for density, so that 
a different obstacle must be thereby opposed to the etwape 
ol hetA from the equatorid and polar r^ioiis of the Sum” 
Arago i» at the present moment oceupied with experhpn^ 
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(IcPigneiJ not only for testing his own views, but also for 
reducing the results of observation to exact numerical 
prfiportions. 

The comparison of the Sun’s light witli the two most 
intense artificial lights which have yet been ‘produced, gives 
^accoKling to the still very imperfect state of ph(jtometry) 
the* following numerical results. In the ingenious experi- 
ments by Fizeau and Foucault, Dnuntnond’s liglit (produced 
t)v the flame of ati oxy-hydrogeii lamp directed upon lime) 
is to the light from the Sun’s disk as 1 to M O. The in- 
tensity of the light produced between two charcoal points 
hv a Bunsen’s pile in Davy’s experiment, with a battery of 
10 small plates, was to the solar light as 1 ; and 
^vith large })lates as I : 2’"), or more than one-third of 
the Sun’s light I'*®*). If we still hear with astonishmwit 
that Drummond’s dnzzlirjg light appears as a black .sjwt 
when projected on the Sun’s di.«k, we may regard with the 
higher admiration the genius of (hdileo, in draw ing, in 1612, 
from n series of inferences respecting the smallness of the 
distance from the Sun at which Venus would cease to be 
visible to the naked eye, the conclusion, that the blackest 
nucleus of a solar spot is brighter than the brightest }>artof 
the full moon (♦®*). 

Taking the intensity of the whole light, of the Sun as 
ec[ual to 1000, William Herschel estimated that of the pe- 
numbras on the average ns -ISO, and that of the black nuclei 
themselves as 7. According to tht.s assuropiiou, which of 
coarse can only be reg^irded as a very conjeoturaJ one, and 
taking with Bougner the light of the Sun to lie 300000 
times as strong as that of the full inooi]> a black nucleus 
would still possess 2000 times more light than the full 
Tor,. nr. 


s 
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moon. The degree of illumination of the nuclei of the solar 

spots as seen bv us,-— (». e. of the dark body of the Sun illumi* 

nated by reileetion from the sides of the opening in the 

photosphere and from the inner vaporous envelope which 

produces the penumbras, and by the light of the terrestrial 

atnuispheric strata through w hich we look),™ has been sho\ni 

in a very remarkable manner bv some observations made 
¥ ¥ 

during transits of Mercury. Cornjmred with the Planet^ 
whose dark nocturnal, or nniUiiminated side is then tnrnctl 
towards the earth, the darkest nuclei of spots in its vicinity 
appeared of a light hrowivisli grey An excellent ob- 

server, Ifofrath Schwabc, of I'essau, bad bis attention par- 
ticularly drawn to this diftVrence between tlie darkn«?s of 

* t 

the planet ami of the nuclei of the solar spots, on the occa- 
.siou of the transit of Merenrv on the 5lh of May, 1832. 
When obsemng in Peru the transit of the same planet, wliich 
took place on the 9 th of Noveralter, 1 802, I unfortunately 
was so much occupied with noticing the distances from the 
wires, tliat the comparison of the disk witli dark solar spot« 
which it almost touched, e.«cajKd me. That the simts 
radiate seitsibly less Kent than the other portions of the 
Sun's disk, was show n as early n,s 1815, by Professor lieiiry, 
of Princeton in the Puited States, by means of very deh- 
cafe ex}>eriments, in wliich tlie image of the Sun and tiiatof 
li large spot were jwojected on n screen, and the difference 
of teui}Mjmtnre was measured by a thermo-electric appa- 
ratus 

M- hetlser the calorific are distinguished fmm tlie Inminons 
mys by different lengths in the tmnsveree undulations of the 
ether,— or whether they are identiml With the luminous rays, 
but only excite in our organs the sensation of light at a 
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certain rapidity of vibrations wliich produces very high 
tejaperaturcs,— in either case the S\m, as the chief source of 
light and heat, may elicit and animate magnetic forceg on 
our planet, and especially in its gaseous envelope, the 
atmosphere. The early knowledge of thermo-electric pheno* 
mena iu crystallised bodies (tourmaline, boracite, and topaz), 
antf Oersted's great discovery in ISiO, according to which 
every conductor of electricity exerts, during the time that the 
electric current is passing through it, a delerminate action 
upon a magnetic needle, gave practical manifestation of 
the iiitimate relations subsistiJig between heat, electricity, 
and mgnetism. The ingenious Ampere, who ascribed all 
magnetism to electric currents situate^ in a plane perpen- 
dicular to the axes of the magnets, liased on the idea of this 
relationship between heat, electricity, and magnetism the 
hypothesis, that terrestrial magnetism, the magnetic 

charge of the Earth), is produced by electric currents passing 
roiiad the planets from <sist to west, and that the solar heat 
hciiig the exciter of these currents, the diunial variatioa 
of the magnetic declination is the result of the change 
of tenipenrture, produced by the diurnal change in the Sun’s 
idtitude. The thermo-electric experiments of Seebeck, in 
which differences of temperature in the points of connection 
of a circle, made of bismuth and copper, or ether dissimilar 
mctiils, cause a deflection of the magnetic needle, supported 
Ampt^re’s views. 

A new and brilliant discovery of Faraday's, the following 
out of wluch by the author is taking phree almost simulta- 
neously with the printingof these pages, throws an unexpected 
light on thisimportant subject. Whereas earlier investigations 
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of this great physicist had made it appear that all gaaea are 
4iamftgnetic~i. e. that they amutge themselves east and west 
lifce,l»ismutli and phosphorus (oxygen gas, however, the most 
feebly so),-—hi$ last train of researches, the coramence'ment 
of which goes back to 1847, shews that oxygen, unlike all 
other gases in this res|)ecf, comjiorts its<df like iron in taking 
a north and south axial diir<*ctiou; and farther, that it loses 
part of its paramagnetic force by rarf faction and incrcivse 
of temperature, As tlie diamagnetic (jualily of the other 
constituents of the iUtnospherc— nitrogen and carbonic acid 
gas —is not moditied by expansion or by increase of tempera- 
ture, we have only to (‘onsider the alniospliere of osyger), 
which snrronnds the,Etvrtlj like a dome of thin sheet iron 
and receives magnetistu from it. Tiic half of tlie dome 
which is turned towards the sun becomes less iMtramagnetic 
than the oj»{XJsite one, and, as by the Earth’s rotation and 
revolution roumd the Sun, the boundaries between tlu*se two 
half domes are continually shifting their place, Faraday is 
inclined t<> derive a part of the variations of magnetism oti the 
surface of our globe, from these thermic relations. Tiic assi- 
milation, by adetpiate experimental research, of one kind cd 
gas, oxygen, to iroff, is an im|K)rtatil discovery of the time in 
which we live {*^^\, and is of the higher importance, because 
it is probable that oxv gcn constitutes almost the. half of all the 
ponderable raatt<?r belonging to the accessible jjortions of our 
planet. Without the a-ssumption of magnetic jmlesin the sun, 
or of proper magnetic forces in the solar rays, the central 
body of oar system may excite magnetic actmty on our 
pfenti simply by its powerful agency as a source of heat. 
The attempts which have been made to show, by meteo- 
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rological observations coutiimcil for scvenil years at single 
statioirs, that one side of the sun (w. yr. the side which 
was turned towards the earth on the 1st of January, MIC) 
has a stronger heating power tljan the op])ositc side (^^), 
have, like the so-called i)roofs of the decrease of the sun's 
diameter deduced from the earlier Greenwich Observations 
of Mashelyne, led to no certain result. The periodicity of 
tlic solar spots, reduced to detinile numerical ratios by 
Hofrath Sehwabe, of Dessau, appears to rest on a better 
foundation. Among the iistronorners now living w'ho are 
provided witli excellent instruments, no other one liiis been 
able to devote to fliis subject such jierscvering attention as 
Scliwabc has done. During the long space of twenty-four 
years he ha.s often examined the .sun's disk for upwards of 
300 days in each year, llis observations of the solar spots 
frosn ISTl- to lS.aO not being yet puldished, I have been 
indebted to his friendship for the o))portuijitv of consulting 
tlieni, and at the same lime for answers to many (juestious 
which I proposed to him. I close t!ic jnosent section, on 
ilie jihysicnl constitution of the central body of our system, 
with tlie results with whicli his kindness has enriched the 
astronomical portion of my work : — 

The numbers contained in the following table leave no 
room to doubt that, at least from the year IS^f! to IhoO, 
the solar .spots have shown a period of about toi years, with 
maxima in 1S‘2S, 1S37, and 1S4S, and minima in 1833 
and 1843. I have had no opportunity of becoming ac- 
(jnainted with any continuous series of earlier obseiwations, 
but I readily admit that the period may be a variable 
one (♦»!) ; — . 
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Oroupis. 

1 . . 
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from Spots. 

Day* of 
Obsenration. 

1826 

1 

118 

22 

277 

1827 

161 

2 

273 

1828 

225 

0 
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1836 

199 

0 

244 
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1 

217 

1831 

149 ' 

S 

239 

1832 

84 

48 

270 

1833 

33 

i 18!) 
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l!i31 
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273 

1835 
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18 

244 

1836 

272 

0 

200 

1837 

"333 

0 

im 

ia38 

1 282 
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202 

1839 

163 

0 

205 

1840 

152 

3 

203 

18^11 

102 

15 

283 

1842 

68 

64 

307 

1843 

34 

149 

312 1 

18M 

52 

111 

321 1 

{ 

1843 

114 

29 

332 

1816 

157 

1 

314 

1847 

257 

0 

276 

1848 

330 

0 

278 

1849 

238 

0 

285 

1830 

186 

2 

SOB 

1 


" In almost all the years except those of the minima I 
observed large spots visible to the mdced cye~-I mean 
spots whose diameters arc above 50", which is the size 
at which they begin to be discernible by a keen-sighted 
unassisted eye. The largest spots appeared in the y«tf8 
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182S, 1329, 1831, 1836, 1837, 1838, 1839, 1847, and 
1848. 

“ The spots are undoubtedly in close relation to the for- 
mation of facuUe. I have seen abundant instances of the 
disappearance of spots being followed by the appearance in 
tlie same places of faculte and 'Narben’ {scars, cicatriccvs), 
and also of new spots showing themselves in tlie facuke. 
Eiicli spot is surrounded by saaore or less intensely luini- 
nouF cloud. I do not believe tliat the spots on the sun 
have any influence on the temperature of the. yeiir. I record 
the indications of the barometer and tlierinometer three 
times a dav, but as vet the means deduced therefrom have 
not .suggested any sensible connection between climatic 
conditions and the number of sjiots. Even if single cases 
were to show such an apparent conne<'.tion, it still would 
not deserve to have any importance attached to it, until con- 
firmed by temperature resulte from many other parts of the 
Earth. If the solar spots should really have any minute 
influence on our atmosphere, my table would perhaps rather 
seem to indicate that the years when tin; spots were most 
numerous liad fewer clear days than those in which sjiots 
were less frequent (Schwabc in Sclmm, Astron. Niiclir., No. 
638, a 221). 

“ William . Herschel gave the name oi /aeulte to the 
brighter luminous stitmks which show themselves only 
towards the margin, and that of Karben to the veins or 
streaks which are only seen tow'ards tlie middle of the sun’s 
disk (Astron. Nachr., No. 350, S. 243). I think I have 
convinced myself that 'Faculm’and ‘ Narbeu’ proceed from 
the same cundeused luminous cloud, which at the margin 
of the sun's disk stands out brighter, but in the middle o! 



(be di^ ap{>«ars in the form of Narben, or less bright than 
the general surface. I prefer calling all brighter places on 
the sun’s disk '* luminous cloud/’ dividing them according 
to their forms into mask's and streaks. This luminous 
cloud is distributed irregidarly over the sun’s surfece, and 
sometiiuesj when it shows itself moat prominently, e\^n 
gives to the solar ifisk a marbled apjwarance. It is often 
distinctly visible on the whd^ of the sun’s margin, some- 
times even up to the poles ; but it always appeitrs mo.st 
strongly in the two zones which the spots more {mrticularly 
affect, and this even at times when there are no spots there. 
On -sucli occa.«ions these two bright zones of tlie snn's disk 
remind one vividly of Jupiter’s belts. 

“ Ridges are the les.« briglit parts intervening between 
the streaks of bright cloud, and showing always a slwgreen- 
iike aspect, reiuindiBg one of sand in which all the grains 
are alike in size. On this shiigrcen-like surface ue some- 
times .see extraordinarily small, faint, grey (not black) points 
(pores), which are agjuii traversed by exceedingly fine, dark, 
small veins (Astr. Nadir., No. 473, S. 2S0). Such poics, 
when in ma.sse.<, form grey eloud-like spacc-s, and evt n tlic 
j>enumbra.s of the solar spots. In these latter we see pores 
ami black jioints extend, mostly in radiating lines, from (lie 
nucleus to the circumference of the janiumbra ; and hence 
arises the frequent agreement in form between the nucleus- 
and the penumbra.” 

The exfdanation and connection of these varying pheno- 
mena will })erhaps first become known in their full import- 
ance to the investigators of nature, when, at some fotpre 
day, and under the long-continued serenity of a tropical sky 
daring an iriterval of several months, there shall bo ob- 
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tained, by the help of photograpliic apparatus, combined 
with mechanical clockw'ork movement, au uninterrupted 
series of graphical representations of solar simts (***). 
Meteorological processes taking place in the gaseous enve- 
loj)es of the dark solar body cause the phenomena which 
we«term solar s{>ots and condensed luminous clouds. There, 
us well as in the meteorology of our own planet, the disturb- 
ances are probably so varietisiid complicated in their kind, 
and so iutrieate in respect to the causes in which tliey origi- 
nate, and which are partly general and partly local, that it 
is only by long-continued observation, aiming at the greatest 
Sttainable Completeness, thatVc ean hope to resoh'e even a 
portion of the still obscure problems wliicli they present. 


88 
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11 . 


The Pianets. 


Before we enter info descriptions of each of these bodies 
viewed individuaily, I propose to present some genenil and 
comparative considerations respecting the entire class to 
which they belong. ‘ These considerations will embrace, in 
confonnitj to tlie state of discovery at the present moment, 
22 primary platiets, and 21 subordinate Iwdics, moons or 
satellites. They do not apply to other classes of bodies in 
oar pknetarj' or solar system, among which comets whose 
orbits have been calculated arc already ten times as nume- 
rous. Planets have, generally speaking, only a slight degree 
of scintillation, because they shine by the solar light reflected 
from their disks. (The difference in this resjMjct between 
disks and lufoinoos points has been explained ui pp. 68 and 
xxTiii of the First Part of the present volume.) In the 
pale radiance of the illuminated moon, and in the reddened 
li|^t of its darkened disk, which shows itself with peculiar 
strength within the tropics, the solar light, as seen by the 
observer stationed on the Earth, has suffered a tiro-fdd 
chmige of direction. That the Earth and other planetl are 
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capable of evolving a faint light of their own, not derived 
from reflection, —as is sometimes evidenced by reuiarkable 
phenomena apiiearing in the part of Venus which is, not 
turned towards the sun, — has beoi already remarked in the 
first volume of the present work 
.We projKjse to consider the planets in regard to their 
number, the order of succession of tlieir discovery, their 
volume as compared with eacb„othcr and with their distances 
from the sun, and according to their relative densities, masses, 
times of rotation, excentricitiesand intliiiations of axis, as w ell 
as to the characteristic diversify of those within and those 
beyond the zone of the small planets. Among these sub- 
jects of comparative consideration I, have, in accordance 
with the nature of my work, devoted particular care to tiie 
selection of the most accurate numerical daia' for t lie epoch 
at which these pages arc printed — t. e., the results of w hat 
are suppo.sed to be (he best assured as well as tlie most re- 
cent invcstigatioiis. 


«, Primart/ Planets. 

1. Number anti epoe/i 0 / iliscoeery. — Of the seven eos- 
mical bodies which, by their continually varying relative 
positions and distances apart, have ever since the remotest 
aiitiijuity been distinguisbed from the " unwandering orbs” 
of the heaven of tiie fixed stars, which to all sensible appear- 
ance preserve their relative positiotis and dtstances tin 
changed, five only — Mercury, Venus, Mars, Jupiter, and 
Saturn — wear the appcftrancc of stars : “ (juinque Stellas 
errantes wltile the sun and moon, from the size of their 
disks, their importance to man, and the place assigned to 
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them in mythological systems were classed apart, 

'l^as, according to Diodorus (ii. SO), the Chaldeans recog- 
nisetl only five planets; Plato, also, in the Tiinmus, on the 
only occasion on which he refers to the planets, says ex- 
pressly — “ Around the Earth reposing in the centre of the 
Cosmos move in seven orbits the moon, the sun, and five 
other stars to which the name of planets has been attached” 
So, also, in the ancieni Pythagorean representatiott 
of the structure of the heavens, according to Philoiaus, 
among the ten divine bodies or celestial orbs which circle 
round the central fire (the hearth of the Universe, t^nn), 
the five planets (which are named) (‘‘®*) revolve immediately 
below the heaven of Eie fixi;d stars ; then follow the snn, 
moon, earth, opd (anti-earth). Ptolemy himself 

still continues TO sjjcak of five planets only. The enumera- 
tion of the series of vseven phuiets as di.strihuted by Julins 
Firmieu.s among tin; Decans, as represented in tlie 
zodiac of Bianehini (examined by me elsewhere (■***), and 
probably belon g^ to the third century of our era), and as 
contained in Egy|)tian monuments of the times of the 
Cff'sars, belongs not to ancient astronomy, but to later 
ptjriods, when astrological fancies liad bwome everywhere 
prevalent That the mo<jn should have been included 

in the series of the seven planets need not surprise us, sincc'^ 
with the exception of a remarkable view of attraction taken 
by Anaxagoras (Kosmos, Bd. ii. S. 348 and 501, Anm. 07 ; 
Eng. edit. p. 80S, and Note 407), its more immediate de- 
pendence on the Earth is scarcely ever dluderl to by the 
ancients. the other hand, in a notice of the suppot^ 
structure of tlic universe mentioned by Altniviua and 
by Martiauus Ca|K!lla (®®‘), but without naming ite finthor, 



POBTIOK 0> THB COSMOS.^— TBE PI^NBfTS. 299 

the two planets which we call inferior planets. Mercury and 
Veriiis, are regarded as satellites of the sun, which is itself 
supposed to revolve round the Earth. There is as Httle 
reason for terming such a system an Egyptian one as 
for confounding it with Ptolemj'^s epicycles, or Tycho Brahe^s 
view of the universe. 

The names by which the five star-like planets were desig- 
nated by the nations of antiquity are of two kinds — mytho- 
logical or names of divinities, — and significant or descriptive, 
taken from real or supposed physical properties. It is the 
more difficult to determine, from the only sources of infor- 
mation hitherto open to us, what may have been deriv'ed in 
tliis respect originally from the Egvi)1sans, and what from 
tlie Chaldeans, because CJrcek writers have Imuded down to 
U9 not the original names themselves as t^r were in use 
among other nations, but only Greek equiv alents, which 
tliey modified according to their own particular views. 
W!mt knowledge was possessed by the Egyptians before the 
Chaldeans, and whether the latter are to Ix^cgarded merely 
as the highly-giftc<l seholars of tiic former (®“), are (juestions 
which touch on the important but obscure problems of the 
earliest civilization of the iiumau race, and the Viegiuuing of 
scientific development of tlionght on the batiks of the Nile, 
or on those of the Euphrates. Although the Egyptian 
denominations of the 86 Decans are known, only one or 
two of tlic Egyptian names of the planets have come down 
to us 

It is remarkable that the mythological names of the 
planets, which arc also given by Diodorus, are the only ones 
used by Plato and Aristotle; whereas later, for example 
in the book " d© Mundo,” falsely ascribed to Aristotle, we 
find both kinds of apjiellations — the mythological and the 
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descriptive or expressive— intermixed ; for Setuni, 

eriX^Mv for Mercury, and vvp6ut for Mars If, as we 

kam from passjiges in the Commentary of Simplicius (p. 
122) to Aristotle’s 8th book ‘^de Ccelo,” and from Hy. 
ginus, Diodorus, and Tlieoii of Smyrna, Saturn, the outer, 
most of ail the planets then known, received, singularly 
enough, the title of Sun, it can only have been because its 
position and the length of rits revolution were aupimsed to 
raise it to the rank of ruler over the other planets. De- 
scriptive appellations, however ancient some of them may 
have beeji, and probably the same as were used by4he Chal- 
deans, are yet first found in frequent use among Greek and 
Koman writers in the* time of the Caesars. Tlmir previdence 
was connected jrith the influence of astrology. The plaue- 
tary signs, wilh the exception of a round «lisk for the sun, 
and the crescent or sickle for the moon, on Egyptian monu- 
ments, are of very late origin; according to Letrorme's 
researches, they even do not go back beyond the tenth cen- 
tury Thpy are even not found upon stones having 

gnostic inscriptrons. Later copyists have introduced tbeiu 
into gnostic and alchemistic manuscripts ; but they are 
iwdly ever found in the oldest manuscripts which we }x>s- 
stas of the Greek astronomers, I’tolcmy, Theon, or Clet'- 
meiles. The earliest planetary .signs, some of which (those 
for Jupiter and Mars) have been derived, as Salmasius hasoh- 
sen'ed with his wonted sagacity, from alphabetical characters, 
were very different from tbo.se which we now employ, the 
particular forms of which arc little, if at all, older titan the 
I6th century. It is andoubted, and is proved by a passage 
borrowed by Olimpiodonis from Proclus {ad Tim. ed. Basil, 
p. 14), as weU as by a late BchoKon to Bindor (Isthm. V. i)i 
that the symboh'sing custom of dedicating certain metals to 
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the different planets belonged already to the Keo- platonic 
Alexandrine representations of the 5th century. (Compare 
Olvmpiod. Comment, in Aristot. Meteorol. cap. 7, D in 
Idelcr’s edition of the Meteor. T. ii. p. 163 ; also T. i. pp. 
199 and 251). 

Although the number of visible planets known to the 
ancients amounted, according to the first limitation of 
the term, only to five, and sabsequently, when the larger 
discs of the Sun and Moon were added, to seven ; yet it was 
already conjectured that besides these visible planets there 
existed *'whers, unseen because |)ossessing only a fainter 
degree of lustre. This opinion is pointed out by Simpli- 
cius as an Aristotelian one : " It may he that hm.ar eclipses 
are soraetiines caused by such dark bodies, moving round 
the common centre as well as by the Earth.’' Artemidorus 
of Ejihesus, whom Strabo often refers to as a geographer, 
believed in the existence of a countless number of such 
dark revolving cosmical bodies. The old iinaginaiy anti- 
earth (A»'r»x5w»') of the Pythagoreans does not belong to the 
sjihere of these conjectures. It and the Earth were supposed 
to have a {lanUiel concentric movement ; it was an idea 
devised to sjMire the Earth, which was supposed to perform 
around tlie central fire a planetary revolution in 21 hours, 
from having also to execute a movement of rotation, and, 
indeed, represented no doubt the opposite hemisphere, or 
the antipodal half of our planet 

If from the entire number of planetary bodies now known 
to us, 48 primary planets and satellites, being six times as 
many as were known to the ancient^), we take the 86 winch 
have been discovered since the invention of the telescope, and 
divide them cltronologically according to the periods of 
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their discovery, we fiud that »t>// wcsre first seen in the 17 th 
wutury, »///«■ again ill the IStli, and eighteen in the first 
halfi of thcjireseut or i9th century. 

Chronological table of plnuetary discoverim, or of pri- 
marg planet)! and satellites, since the int ention of the 
telescope, in 1608 ; — 

A. The Seventeenth Centurx’. 

¥ 

Four sateUites of Jupi ter : by Simon Marius, at Ansbach, 
Dec. 29, 1609 ; and by Galileo, at Padua, Jan. 7^;ii610. 

Compound form of vSaturn ; Galileo, Nov. 1^10 j the 
two side anses seen by tlevclius, 1656 ; final recognition of 
the true form of thp‘riiig by Huygens, Dec. 17, 1657. 

The fith satellite of Saturn {Titan} : Huygens, March go, 

1655 . 

The 8th satellite of Saturn (the outermost one, Japetus) : 
Domiii. Cajssini, Oct. 1671. 

Thtv 5th satellite of Saturn (Rhea) : Cassini, Dec. 28, 
1672. 

The 3d and tth satellites of Saturn (Tctliy.s and Dione) : 
Cassini, end of ilarch 1684. 

B. Eighteenth t^enturv'. 

Urakcs : William Herschtl, March 13, 17S1, at Bath. 
The 2d and 4tU satellites of Uranus : William Herschel, 
Jan. 11, 17H7. 

The 1st satellite of Saturn (Mimas) : W. Ilerschel, Aug. 
28, 1789. 

The 2d satellite of Saturn (Eucelados) : W, Hci^hel, 
bept. 17, 1789. 

The 1st satellite of Uranus : W. Hersdicl, Jan. 16 

17 » 0 . 
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The 5th satellite of Uranus: W. Herschel, Peb. 9^ 
1790. 

The 6th satellite of Umnus: W. Herschel, Feb. US, 
1794. 

The 3d satellite of Uranus : W. Herschel, March 26, 
1794. 

C. Nineteentl), Century. 

Cekes*: Piazzi, at Palenuo, Jan. 1, 1801. 

: Olbera, at Bremen, March 28, 1802. 

J UNO'*%' Hinrdiiig, at Lilienthal, Sept. 1, 1S04. 

Vesta*: Olbcrs, at Bremen, March 29, 1807. 

(An interval of .‘IS years occurred vfithout any planetary 
discovery.) 

Astka;.-!* : Hencke, at Hric.?en, Dec. 8, 1845. 

Neptune: Galle, at Berlin, Sept. 23, 1846. 

The l.st satellite of Neptune; W. La-ssell, at Starfield, 
near Liverpool, Nov. 1846; Bond, at Cambridge, U.S. 

IIehk* : Hcncke, at Driesen, July 1, 1847. 

Iris* : Hind, London, Aug. 13, 1817. 

Fi.ora*: Hind, lAindon, Oct. 18, 1817. 

Metis*: Graham, at Markree Ca.st]e, April 25, 1848. 

The 7 th .satellite of Saturn (Hyperion) : Bond, at Cam- 
bridge, U.S., 16-1 9th Sept. 1848; La.sscll, at Liveriwol, 
l9-20th Sept. 1848. 

Hyoei.\*: De Gasparis, at Naples, -Cpril 12, 1849. 

I’aaTatNOPE* : De Gaspari.s, at Naples, May 11, 1850. 

The second satellite of Neptune : Lasseil, at Liverpool, 
August 14, 1830. 

ViirroRiA*: Hind, London, St'pt. 1.3, 1850. 

Egejua* ; De Gnsparis, at Naples, Nov. 2, 1850. 
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IttENE*: Hind, London, May 19, 1851 ; and De Gas* 
pans, at Naples, May 23, 1 851. 

■% 

In the above chronological review, (*®*) the primary 
planets are distinguished from the secondiwy phinets or 
satellites by a difference of type. An asterisk ha.s been ap- 
pended to each rhembcr of that class of primary plaucts 
which form a peculiar and .very extended grorip, as it were 
a ring of 132 inillions of geographical miles in brearlth, 
situated lietweeu Mars and Jupiter, and are commonly 
called the smaller planets, and sometimes telescopic plaucts, 
co-planets, asteroids or plaiiefoids. Of these, -1 were disco- 
vered in the first seven years of the present century, atui 
10 in the coarse of the six years which have just terminated 
— a ixsuU due less to the improvement which hsus taken 
place in telescopes, than to the diligencti and skill of ob- 
servers, and in particular to the improved star maps, which 
have been so greatly enriched by the addition of stMS of the 
9th and 10th magnitudes. Moving points are now mt»re 
et^ily distinguished from among tiie adjacent unmoving or 
fixeel stars (See First Part of the present volume, p. 98-99; 
and in the original German, S. 135). The numb«;r of i he 
primary planets has been exactly doubled since the publica- 
tion of the first volume of Ko.smus (*®®), so quickly have 
discoveries succeeded each other, so rapid has been the ad- 
vance in the ext^^on and completion of the tojmgrapby of 
our planetary system- 

2. DUtrihution of planet* into two proupfi, — If, in the 
solar domain, we regarel the region of the small planets situ- 
ated between the orbits of Maw and Jupiter, but nearer on 
the whole to the former than to the latter, m ti dieklini/ 
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zone in space, or as forming, os it were, ii middle group; 
then, as has been already remarked, the inner planets—^ 
those which are nearer to the Sun — viz. Mercury, Veijus, 
Earth, and Mars — present many points of resemblance to 
each other and of contrast to the outer planets — Jupiter, 
Saturn, Uranus, and Neptune — situated further from the 
Sun, beyond the dividing zone. The middle group*of tlie 
three, or that of t he small planefa, scarcely occupies half the 
interval between the orbits of Mars and of Jupiter. In 
the sfiace between these two greater planets it is the part, 
nearest to Mars which, so far as our present knowledge 
enables us to judge, is mos^ richly furnislied ; for if, in 
the zone of the asteroids, we consider ihe extreme ones on 
either side — Flora and Uygeia — we find that J iipitcr is 
more than three times farther from Ilygeia than Flora is 
from Mars. This middle group is strongly distinguished 
from the others by the interscctijjg, highly inclined, and 
excentric orbits, and by the very small dimensions of the 
planets of which it consists. The inclinatiou of the orbits 
U) the ecliptic rises in Juno to 13® 3', in Mebe to 1 1° 4-7', 
in Egeria to 16® 33', and in Pallas even to 34® 37' ; wliile 
in this same middle grouj) it falls as low as 5® 19' in Astrea, 
4® 37' in P»irthenope, and even as 8® 47' in Hygeia. The 
small planets whose orbits have less than 7® of inclination 
arc, in descending order. Flora, Metis, Iris, Astnea, Parthe- 
nope, and Hygeia; but iu none of these are the inclinations 
as small as iu Venus, Saturn, Mars, Neptune, Jupiter, and 
Uranus. In cxceutricity of orbit some of the small planets 
exteed and some fall short of Mercurv' (0.200), Juno, 
Pallas, Iris, and Victoria having 0.255, 0.289, 0.232, and 
0,218 ; while Ceres, Egeria, and Vesta, have respectively 
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0.076, 0.0»6, 0.089, being excentricities inferior to that 
W tlie orbit of Mars (0,093), but without making so near 
an. approach to a cftcular orbit as the planets Jupiter, Sa- 
turn, and Ursinus. 'Hie diameters of the telescopic planets 
are so small as to render their measurement very difficult 
and uncertain. From the ob.sen'ations of Lamont at Munich, 
and of Mfidlcr with tlu; Dorpat refractor, it is probable that 
the largest of them all doe§ not exceed at the utmost 145 
Gennan, or 580 English geogr.aphical miles, being -^th of 
the diameter of Mercury, and of that of the Earth. 

If we ctdl the four planets nearist to the Sun, between 
the ring of Asteroids or stnalJ planets and the centriil 
body, inner planets, and the four planets which are fur- 
thest from the sun (being placed between the ring of 
the asteroids and the unknown extremities of the solar 
domain) outer jdanots, we find the inner planets all of 
moderate magnitude, comparatively den.se, slow in th»ir 
movements of rotation round their axc.<, (the periods beiin.' 
nearly similar in all, differing little in any case from;il 
hours), and, with the exception of the Earth, wholly desti- 
tute of satellites, 'i'lie four outer jdancts, — Jupiter, Sa 
torn, I'ranus, and Xeptune, — on tlie other hand, are rauoh 
larger, five times le.s.s dense, rotate twice as ra})idly round their 
axes, are more flattened at the poles, and richer in satellites 
in the average proportion of 20 to 1. Of the four inner 
planets the Earth is the hu*gest (the diameters of Mercury 
and Mars are respectively fths and | of the Earth's 
diameter) ; wdiile the outer planets, on the other band> are 
from 4*2 to 11-2 times larger than the Earth. The density 
of the Earth being taken as unity, the densities of Teaus 
and Mars agree wilVi it to less than -r^lh, and the density 
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of Mercury {according to the mass of that planet as deter- 
lained by Kucke) L** only a little greater. On the othet 
hand, none of the (Miter pliinets exceed in density; 
Saturn is even only ith, being little more than half 
as •dense as the oilier outer planets and the sun. The 
outer planets present to us a i»henomenon unique in the 
entire solar system — i. e., the wondrous apjHriirance of 
a solid ring encircling its jirimary planet, but detached from 
it and suspended freely in space. They also present tons at- 
mospheres which, by the ja'cnliarities of the condensations 
taking place in them, iip|a!ar to our eyes as variable, and in 
Saturn sometimes even as intArupled, streaks or belts. 

Although, in tlie, importiiut divisioiv of the planets into 
tMO groups of interior and exterior planets, tlie facts of abso- 
lute uiagnitudc, density, compression at the poles, velocity 
of rotation, and presence or absence of moons or satellites, 
show a general counectiou witli tlie solar distances, or with 
the semi-major axes of tlie orbits, yet this connection or de- 
pendence can by no means be asserted in respect to each 
'iidividual member of tliesc groups. As I liave already before 
remarked, we as yet know of no inherent noccs-sity, no ine- 
chimical natural law, which — tis the line law which links toge- 
ther the squares of the tiimss of revolution and tlie cubes of 
the major axes — .sliould represent the above-named elements 
of uiagnitudc, density, &c., for the succession of the several 
planetary bodies in each group, in connection with or depend- 
ence on their respective solar disUuices. Although it is true 
that the planet which is nearest to the sun (Mercury) is 
al-so the densest, and even six or eiglit times as dense as the 
exterior planets, Jupiter, Saturn, Urarrus, and Neptune; 
yet tlie order of succession between Venus, Earth, and 
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Mars^ aod between Jupiter, Saturn, and Uranus, is very hr 
ktm being a regular one. We see that, in general, the 
absplute m^kguitudes, as Kepler bad alrcjady remarked (Har- 
mouice Mundi, V. iv. p. 194 j Kosnios, IJd. i. 8. 889 ; 
Eng. al. p. xvi. Note 88), increase with the distance } but 
this, thougit generally true, is not true of each case in par- 
ticular, for Mars is less tlian the Earth, Uranus less than 
Saturn, Saturn less than Jupiter, and Jupiter, the largest 
of ail the planets known to us, is iiimiediately preceded by 
a group of planets whose disks are .scarcely measurable 
from thdr minateness. 'Ilte v'eloeity of rotation docs 
indtxid increase generally with the solar distance ; but yet 
the rotation of Mar:j is slower llifui that of the Earth, and 
that of Saturn slower than that of Jupiter. 

The world of forms can, 1 rejicJkt, be only depicted accord- 
ing to the actiud rtlations of space e-xisting in nature, not 
the necessary object of intellectual deduction or of an already 
rccognmd causal .sequence. In this re.sj>cct no natural law 
has been discovered in celestial .space, any more than in the 
geographical jKj.sition of the culminating }«>inl» of mountain 
chains, or in the ])arficuiar TOntigunklion of contineHt.s on 
the surface of our globe. They are fat't.s in Nature which 
have issneil from the conflict of tangential and attracting 
forces of manifold character, acting under conditions w'hich 
reumitt unknown to us. We here find ourselves approach- 
ing witli eager but unsatisfied ciirio.sity the mysterious do- 
main of formation. The questions before us relate, in the 
strict e&iise of the words, to universal event#, to cosintcal 
procemm taking place in intervals of time to us immeasura- 
bly small. 

If the planets have been gradually formed from reyoly- 
ing rings of vaporous matter, when this matter b^an to 
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condense towards ditferent points of predominating attrac- 
tion, it must liave passed through an almost infinite success 
sion of states in order to form some simple and otjber 
intersecting orbits j and planets varying so greatly in mag- 
uiturlc, ellipticity, and detisity, some accompanied by, and 
otliers destitute of moons, aiid even in one cast; a scries of 
satellites united in a solid ring. The present form of 
things, and the exact numerical determination of their mu- 
tual relations, have not as yet cotulucted us to a knowledge 
of the .slates previously passed througli, nor to a clear insight 
into the conditions uinler which they have arisen. Yet 
tlu’se conditions are i\ot therefore to be termed accidental, 
as man is prone to call all wliich lie cannot yet explain gene- 
tically. 

3. Ahsolutf and apparent ma;/nitudef!, and external 
Ju/i/re . — 'I he tliameter of the largest of all the planets, Jupi- 
ter, is 30 times as great as that of Mercury (the smallest of all 
the planets having securely measurable tlisks), and almost ] 1 
limes as great as that of the Earth : as compared with the Sun, 
Its diameter is nearly as i : 10 — a ratio nearly similar, in- 
versely, to that between it and the Eart h. It lias been stated, 
perhaps iTroneously, that the ditfcrcnce of size between 
meteoric stones, whicli many are inclined to regard as small 
planetary botlies — and Vesta, which, according to a measure- 
ment of Miidlcr's, has a diameter of geograjihical 

miles fiistOt gcogra]thical miles less than the diameter of 
Valias, accoriUng to Lamont) — is not more considerable 
than the diilerence of size between Vesta and th« Sun. 
According to these proportions, there should be meteoric 


• Ovrmiiu grogmifhieal miic«, 
f 80 Gf^rmaii milea. 
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»lon^ o£ 517 Germaa in tliamcl^r r igneo^^^ 
have certainly been ^^een of 2600 feet iiv diameter before 

The connection between the degree of compression at the 
poles and the velocity of rotation is most strikingly shown 
by a comjKirison l>etweeu the Kart h, as a planet of tlie 
group, and Jupiter and Saturn belonging to the outer group 
of planet*?. For the Eartli, period of rotation 23^' 56% 
coniprc^iou for Jupiter, period of rotation 9^ 55% 
compres^ou, accorduig to 

Herschel, tt) f^^r Saturn, period ofrotidion 10** 29% com 
pre^sion But Miirs, whose rc>tafciou ia i7<v<rer t}«»n that 
of the Earth by 41 niiuutcai has, cve« assuming a macli 
smaller result than that udopled by William llersehel, still 
a probably much greater compression than the Earth. May 
this anoiuiily, since, the form of the smxjrfiaes of an elliptic 
spheroid slum Id corn^sjjoud to the velocity of rotat iotjj, be 
founded on a different law of increasing density from the 
autlface to the centre in the two planets, or in the ]K)ssiblc 
circamstance of the consolidation of the flnid surface of some 
fdaneU having taken place before they had assumed the 
figure corres{>pndi»g to their velocity of rotation ? ^ the 
ftSrmof tlie eSlipticity of our planet depend, as theorcticMjt^* 
trouomy demonstrates, theimpenrtant phenomena of the retro* 
gjresaion of the equinoctial juniite, or the apparent progtw* 
<iod ^ the liea’renly bodjies, tt^med the ‘fl’tecewion pf flte 
Eqnihwti»/*^ of the Earth's axis}— 

and tht dbange of the obliquity of the eeliptie. ^ 

The appereid diametfars of the planet* are determioOd by 
th^ absolate magnitudes, and by their distance from the 
r dim followiiig is the order of anangeinmit 
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corresponds to their absoiute or true magnitudes, beginning 
witli the smallest : — 

The group of the smaller planets, of which Fallas and 
Vesta appear to be the largest : then — 


Mercury. 

Mars. 

Venus. 

Earth. 


Neptune. 

Uranus. 

Saturn. 

J upiter. 


At their respective mean distances from the Earth, Jupi- 
ter has an apparent equatorial diameter of 38" 4 ; the 
equatorial diameter of Venus, Vhich is nearly of the same 
magnitude as the Earth, being only ?,6" 9 ; and that of 
Mars 5" 8. At the inferior conjunction, however, of 
Venus, the apparent diameter of the disk increases to 
62"; whereas that of Jupiter, when in opposition, only 
increases to 46". It is here necessary to remark that 
the place in the orbit of Venus at which that planet appears 
brightest falls between it» inferior conjunction and its 
greatest digression from the snn ; at which time the 
narrow bow of light, by reason of its greatest proximity 
to the Earth, gives its most intense light. On the average, 
Venus aliines brightest, and, in tire absence of the sun, even 
casts shadows when slie is 40° east or west of the sun ; 
her apparent diameter is then only 40", and the greatest 
breadth of her illiiiiiinated portion scarcely 10' . 

Apparent diameters of 7 planets : — 

Mercury, at mean distance, 6"'7 (t>scillates from 4’"4 to 1 2") 
Venus „ 16-9 { „ 9-5 „ 62) 

» 5-S( „ 3*3 ,„23)>, 
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Jujiiter, at mean distance, 88"‘4 (oscillates from 3(1"*0 to 46") 


■SSaturu „ 

Knuius „ 

Neptune „ 

17 -IC 

3 *9 

2 *7 

W 

15 0 „ 20) 

Yoluona of the planets relatively to that of the Earth ; — 

Mi^rcury 

. • as 

1 

16*7 

Venus 

' • 

1 

1*05 

Eaith • 

• • ff 

1 

1 

Mars 

• * 

1 

714 

Jupiter , 

♦ • 

1414 

1 

Saturn * 

c 

‘ • 9% 

735 

1 

Uranus . 

«.■ 

* • >1 

82 

1 

Neptune 


108 : 

1 ; 

wliiU? the volume 

of the Sun is to 

that o; 

f the Earth as 

14071^4 ; 1. Small alferations in 

tlm measurements of 


the diainetcrs increase the resulting volumes in the ratio of 
the cubes. 

These planetarj- bodies, which, bv th(ur changes of place, 
enliven and vary in an agreeable manner the aspect of tiie 
starry hiyivcns, produce on ns an impression which is in each 
case the conjoint result of tlie magnitudes of their disks and 
their proximity, of the colour of their light, the scintilktion 
of some among them in particular positions, and the peculiar 
manner in which their different surfaces reflect the solar 
light. Whether t he intensity and quality of their light may 
be further modified by a feeble ex'oluiion of light from their 
own surfaces, is a problem which still remains to be 
solved. 

4. Arrauffement of ih^ planets according to their 
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distaticei /rom tie Sun. — Th« following table gives all 
the planets discovered hitherto, with their mean distance 
from the central body, taking, as has always been cnstomrfly 
in astronomy, the mean solar distance of the Earth (206S2000 
German, or 82728000 Eng. geograpliical miles) as unity, 
lu describing the planets sejjarately, their greatest and least 
distaiwjcs from the sun will be given — i. e. their distances 
when in aphelion and in perihelion, or when the planet, in 
the course of its motion in the ellipse of which the sun 
occupies the focus, is respectively at either end of the major 
axis (thclineof the apsides), viz. the end which is farthest from, 
or that which is nearest to, the focus. By the mean solar dis- 
tance of a planet, which is that which we are now speaking 
of, we understand the mean beta een the greatest and the least 
di.«tance, or half the major axis of the plaJiet's orbit. The 
numerical data already given, and also those which follow, 
are taken for the most part from Hansen’s careful recapitu- 
lation of the planetary elements, in Schumacher's Jahrbuch 
for 1837. Where the data are relied to time, they apply, 
in the case of the older-known and larger planets, to the year 
1800, but iu that of Neptune to 1851 : the Berlin Astrono- 
mische Jahrbuch for 1853 has also been made use of. Tor 
the statements relating to the smaller planets I am indebted 
to the friendship of Dr. Galle ; they all refer to very recent 
epochs. 

Distances of the planets from the Sun : — 

Mercury ..... O' 38? 09 
Venus . , . . •• 0'72833 

Eiirth ..... 1-00000 

Mm 1-52869 
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Smidl Planets. 


Flora . . 

. 2-202 

Victoria 

. 2-.33& 

Vesta . 

. 2*362 

Iris 

. 2*885 

, Metis . 

. 2*386 

Hebe . 

. 2*425 

Parthenope . 

. 2-448 

Irene . 

. 2-558 

Astnea 

. 2-577 

Egeria . 

. 2*579 

Juno . 

. 2*069 

Cer»‘S . 

. 2*768 

Palhis . 

. 2*778 

Hygeia 

. 3*151 

Jupiter .... 

. 5*20277 

Saturn .... 

. 9*5.3885 

Uranus . f . . 

. 19*18239 

Neptune .... 

. 30*03628 


The simple observation of the rapid diminution of the 
periods of revolution from Sat uni and Jupiter to Alars and 
Venus, had, on the assumption of the planets being attached 
to revolving spheres, led very early to conjectures respecting 
the distances of these spheres from each other. As no 
methoilical system of observation and measurement s^pears 
to have existed among the Greeks prior to Aristajchus 
of Samo^ and the establishment of the Alexandrian Mu- 
seum. tnere arose great diversities in the hypotheses formwl 
concerning the. order of the succession of the planets and 
t^eir relative distances; whether, according to tiie roost 
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prevailing system, these distances were taken from the Earth 
fixed in repose in the centre, op, according to the Pytha- 
goreans, from the " Hcartli of the Universe,” the Hesfr^ 
Great fluctuations of opinion took place more particu- 
larly in respect to the position of the Sun — viz. its posi- 
tion relatively to the inferior planets and to the Moon (5^°). 
The Pvthagoreajis, in whose view numlcr was the source of 
knowledge and constituted the *esserice of things, applied" 
tlicir theory of numbers, and ifieir all-pervading doctrine 
of numerical proportions, to the geometric cojisideration of 
the five early recognised regular bodies, to the musical 
intervals of tones deter/niniiig Imrmony and forming diffe- 
rent families of .sound, and even to the Structure of the Uni- 
verse itself — de<*ming that the moving, and, as it seemed, 
oscillating planets, causing waves of sound, must, by the 
Imrmonic ratios of their intervals of space, call forth a 
“music of the spheres.” “This music,” they added, 
“ would be audible to the humau <*nr, were it not that be- 
“ cause it is perpetual, and because, therefore, man is accus- 
“tomed to it from earliest infancy, it remains unlitHided” (s"). 
The harrnojiic portion of the Pythagorean doctrine of num- 
bers accorded well with the figurative representation of the 
Cosmos in the spirit of the Timmns of Plato ; for “ to Plato 
the Cosmogony appeared the work of the union effected 
betwpen opposite primeval causes by the power of Har- 
mony” (*•*). Plato even personified the Harmony of t!m 
b inverse or music of the spheres by p'acing in each of the 
planetary orbs Syrens, by whose songs, and by the support of 
the stern daughters of Necessity, the three Pates, the perpe- 
tual gyratory movement of the spindles of the Universe was 
maintained (*'*}. Eejtresentations of this kind of the 
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Sjrens, or sometimes in their place the Muses, as celestial 
songstresses, have been preserved in several remains of 
anU(]ue art, particularly on cut stones. In Christian anti- 
quity, and throughout the middle ages, from Basil the Great 
to Tljomas Aquinas and Petrus Alliacus, we find frequent 
allusions,— most often, however, in terras of censure, — to 
this idea of the Harmony of the Spheres (***)• 

All t!ic Pythagorean arm Platonistic views of the Uni- 
verse, Ijof h the geometric and the musictd, rc-awokc at the 
end of the sixtcciUli century in the imaginative Kepler. 
He built up the })lauetaiy system, first in the Mysteriuin 
cosniographicum, on the basis of five regular solids whicij 
could Ix' placed in the intervals between the planetary 
sfihercs ; and next, in the Harmonice Mundi, according 
to the ititenals of musical notes {***). Persuaded of 
the conformity to law of the relative distances of the 
planets, he thought to solve the problem which he had 
thus proposed to himself by a happy combination of his 
earlier and his later views. It is remarkable that Tvelio 
de Brahe, who. on all other occasions, we find so rigidly 
attadied to actual observation, had, before Kepler, expressed 
the opinion, contested by Rothmann, that the revolving cos- 
mical bodies may, by agitating the celestial air (that which 
we now call the " resisting medium”), produce musical 
sounds (®'®}. It 8ppe,ir8 to me, however, that the analogies 
between the relations of musical tones or notes and the dis- 
tances of the planets, however long and laboriously traced 
or sought after by Kepler, yet in the mind of that ingenious 
thinker never passed out of the domain of abstractions. 
He, indeed, at one time rejoices in having discovered, to 
the greater glory of the Creator, musical relations of num* 
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ber itt cosmical relatious of space. In a kind of poetic 
rapture, he makes Venus, together with the Earth, pla^ 

“ major,” “ Dur,” when in aphelion, and " minor," “ Molif' 
in jjerihelion; and even says that the highest tone of 
Jupiter and that of Venus must unite in the “ Moll,” or 
" minor consonance.” But, notwithstanding all these fre- 
quently employed, and yet merely figurative or symbolical, 
expressions, Kepler says distinctly — *' Jam soni in cudo nulli 
exist unt, nec tam turbulentus est inotus, ut ex attritu aune 
dxU'stis eliciatur stridor” {Harmonice Mundi, lib. v. cap. 
4). Here, then, is again mention of the rare and serene 
celestial air (aura cojlestis). * 

The comparison of the intervals between the planets, with 
the regular solids which he considered ought to fit into 
those intervals, had encouraged Kepler to extend liis hypo- 
theses even to the heaven of the fixed stars (*''). On the 
discover)' of Ceres and of the other small planets, Kepler’s 
Pytiiagorean combinations were vividly recalled to recollec- 
tion, on account of his previously almost forgotten expres- 
sions rc.spec.ting the probable existence of a yet unseen 
planet in the great gup between Mars and Jupiter: (motus 
semper distantiam |)one .‘sequi videtur ; atque ubi magnus 
hiatus erat iriter orbes, erat et inter inotus). 

In his Iiitniductiou to the Mysterium cosmographicum, 
Kepler says — “ I have become bolder, and now place a new 
planet between Jupiter and Mars, as well as” — a less hapjiy 
hypothesis, and one which long remained unnoticed (*’*) — 
” another planet between Venus and Mercury : probably it is 
the extraordinary smallness of both wdiich has causer! them to 
remain unseen” (5>»), Subsequently Kepler found that he did 
not require these new planets for the arrangement of his solar 
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according to the properties of his five rcgnlar solids ; 
it was only necessary to do a litt|e violence to the distances 
of. the old planets. (“Non reperies novos et incognitos 
Flanetas^ ut paulo autca, interpositos, non ea mihi probatur 
andacia; sed illos veteres parum admwium luxatoft .” — 
Myst. Cosmogr. p. 10). The intellectual tendencies of 
Kepler had so great an analogy with those of the Pythago- 
reans^ and still more with those manifested in the Timasus 
of Plato, that as Plato (Cratyl. p. 400) found in the seven 
planetary spheres the differences of colours, as well as those 
of musical notes, so Kepler (Astron. opt. cap. 6, p. 201) 
made ex{)eriinents, in wliich he attempted to imitate, on a 
variously illuminated, table, the colours of the planets. Even 
the great Newton, ever so faithful to Keason, and so severe 
in all his inductions, was yet, as Prevost has already re- 
marked, inclined to refer the dimensions of the seven colours 
of the spectrum to the diatonic scale (*’•“). 

Hie hypothesis of the existence of still unknown members 
of the planetary series of the solar system reminds us of the 
ancient Greek opinion of there being far more than five 
planets, that Ix'ing only the number of those which hail 
bwn obser^'ed, while many others remained hidden by 
itheir position, and the feebleness of their light. Such a 
statement has been ascribed in particular to Artemidorus of 
Ephesus {®®'). Another ancient Hellenic, and perhaps 
even Egyptian belief, apjK*ar» to have been that the celes- 
tial bodies wliich we now behold have not all been always 
seen by man.” Such a physical, or rather historical, myth 
is connected with the particular form of vain-gloriousness 
which leads some nations and races to attribute to them- 
selves an extraordinary degree of antiquity. Thus the pre- 
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Hellenic Pelasgian inhabitants of Arcadia called themselves 
« Proselenes/’ because they boasted of having come info 
the country before the Moon accompanied the Earth. iW 
liellenic and pre-lunar were synonymous. The ajtpearance 
of a heavenly body was described as a celestial event, as 
Deucalion^s flood was a terrestrial event. Apuleius (Apo- 
logia, Vol. it. p. 494, ed. Oudendorp ; Kosmos, Pd. ii. S. 
439, Anm. 53 ; Eng. ed. p. h<ii. Note 293) made Bcnca- 
liou’s flood extend to the Gtetulian Mountains of Northern 
Africa. In Apollonius Hhodiiis — who, according to the 
favourite jnanner of Alexandrian writers, delighted in imi- 
tating ancient modes of sjiecch — it is said of the early 
settlement of the Egyptians in the vallFy of the Nile — “ As 
yet not all the heavenly bodies journeyed over the celestial 
vault ; the children of Danaus had not yet ajipeand, nor 
Deucalion’s race” This important passage elucidates 

the boast of the Peksgic Arcadians. 

1 conclude tliese considerations respecting the distances 
and dimensions of the planets, with what Iras been termed a 
law, although it does not indeed deserve the name, and 
which Lalande and Delainbre have called a plsty upon num- 
bers, and others a mnemonic contrivancey or help to the 
memory. Our meritorious Berlin astrrrnomer. Bode, had 
been much occupied with this subject, especially at the time 
of the discovery of Ceres by Piazzi, winch discovery, it 
should be remembered, was in no a'ay effected by^ means of 
tliis supposed law, but was rather occjusioued by an error of 
the press in Wollaston’s star-catalogue. If the discovery 
were to be regarded as the fulfilment of a prophecy, then 
Kepler’s prediction, spoken of above, which is more than a 
century and a half antecedent to Titius and Bode, ought 

r % 
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not to be Although, in his popular and higlJy 

iuieful “ Introduction to the Knowledge of the Starry 
!^t£»vens," Bode had himself said distinctly that he had taken 
the law of the distances from a translation of Bonnet's 
“ CSontemplation de la Nature" made by Professor I’itius at 
Wittenberg, yet it has been commonly called Bode's law, 
and the name of Titius has been seldom mentioned iu con- 
nection with it. lu a note appended by the latter to the 
chapter on the Structure of the Universe (*”), he says^ — “ If 
we examine the distances of the planets, we find in almost all a 
proportion between their distances apart and the iucit^ase of 
their corporeal magnitudes. If the distance from the Sun 
to Saturn gives 1 0-'cl parts, then Mercury is distant 4 such 
parts from the Sun, Venus 4-f3 = 7 parts from the Sun, 
the Earth 4 + 6=10, Mars 4 + 12=16. But from Mars 
to Jupiter we come to a departure from this progres- 
sion previously so exact (!;. Bt^yond Mars there follows 
a space of 4 + 24=28 such parts ; but here we find 
neither primary planet nor satellite. Can we suppose 
the Gre^ Architect has left this space void ? We must 
not doubt that it is occupied ; it may be by the hitherto 
undiscovered satellites of Mars, or perhaps Jupiter may 
have additional satellites that have never yet been seen by 
any telescope. From this unknown interval (unknown as to 
that which occupies it) the space to Jupiter is 4+48=52. 
Then follows Saturn at the solar distance of 4+96=100 
parts — an admirable proportion." Titius, therefore, was 
inclined to occupy the interval between Mars and Jupiter 
not with the one, hut (as is actually the case) with several 
bodies ; but he conjectured them to be satellites, not planets. 

It is nowhere said bow the translator and commentator of 
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Bonnet arrived at the number 4 for the orbit of Mercury. 
Perhaps he only selected it in order to have for Satufn, 
which was then the most distant known planet (its distance 
is 9‘5, therefore nearly lO'O), exactly 100 parts in connec. 
tion with the easily divisible numbers 96, 48, 24, &c. This 
is more probable than that he should have made the series 
by beginning with the nearer planets. Even in the last 
century, this law of doubling,*beginning not from the Sun 
but from Mercury, could not be affirmed to agree .sufficiently 
with the true distances of the planets as then known to us. 
The distances of Jupiter, Saturn, and Uraiiu.s, do indeed in 
reality approach very nearly to the rate of doubling ; but 
since the discovery of Neptune, which is much too near to 
Uranus, the defect of the progression has become strikingly 
obvious 

What has been called the law of Ticarius W’’urm of 
Leonberg, and has been sometimes distinguishetl from that 
of Titius and Bode, is a simple correction of the latter law', 
applied by Wurm to the solar distance of Mercury and to 
the difference between the solar distances of Mereurj' and 
Venus. With a nearer approximation to the truth, he 
makes the solar distance of Mercury 387, and tlmt of Venus ' 
680, the Earth being 1000 {*“). On the occasion of the 
discovery of Pallas by Olbers, Gau.ss, in a letter to Zach 
(Oct. 1802), already passed a striking and just sentence on 
the so-called law of distances. He says — “ Contrary to the 
nature of all truths which deserve the name of laws, that 
of Titius applies only in a very cursory manner to most of 
the planets, and (which does not appear to have been before 
remarked) not at all to Mercury. It is clear that the seriw 
4,4 + 8, 4 + 6, 4+12, 4 + 24, 4 + 48, 4+96, 4+192, 
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with which the distauces ahouid agree, ia not even a eonti- 
nuous series at' all. The number preceding 4 + 3 ought 
to'lw not 4 — i. e. 4+0 — but 4 + 1 J-. So between 4 and 
4 + 3 there should be an iiideiiuite iimnber of iuterraediate 
quantities ; or, tis Wurm expresses it, for nSS 1 the result of 
4+3 X 2"“’ is not 4, but 5^. Attempts to discover such 
approximate agreements in Nature are, however, by no 
means to l>e censured ; the greatest men of all periods have 
been fond of such lusus ingenii.” 

5. Masses of the Planetn. — The masses of the planets 
are investigated by means of their satellites (where such 
exist), of their mutual perturbatiotis, or of the effects suf- 
fered or produced by a comet of short jw'rioil. Thus in 
1341 Encke determined, from the fjcrturbations undergone 
by the comet which bears bis name, the previously unknown 
mass of Mercury, Tho same comet affords a prospect of 
future corrections for the mass of Venus. The perturba- 
tions of Vesta are made use of for Jupiter. The mass of 
the Sun being taken as unity, w e have (according to Encke's 
fourth memoir on the comet of Pons, in the " Schriften der 
Berliner Akademie der Wisseusclmfteii” fur 1S42, S. 5) : — 


Mercury 

• ^rrrrrrr 

Venus .... 


Earth .... 


Earth and Moon together 

• TTs'^irr 

Mars 

• iiirri5''TTT 

Jupiter with his 8ateliit<» , 

1 o*TTTTT 

Saturn . , . 

* 

Uranus .... 

• Trstw 

Neptune 

* T«TtT 
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jStill larger, although remarkably near to the truth, was 
the mass (irsVy) <leduced for Neptune by Le Verrier froin 
his ingenious calculations previous to the actual discovery 
of the planet by Galle. The following is the arrangement 
of the planets acicording to their masses, beginning with the 
least (omitting the smaller planets, Ceres, Pallas, Juno, &c,), 
and proceeding in increasing order : — Mercury, Mars, Venus, 
Earth, Uranus, Neptune, Saturn, and Jupiter. 

It will be seen that this order of succession (as in the 
case of the volumes and densities) is by no means identical 
with that of the distances from tlie central body. 

6. Demity of Ute Planets . — Employing the previously 
given volumes and masses, we obtain for the densities of the 
planets (taking respectively the densities of the Earth and 
that of Water as unity) the follow ing numerical ratios : — 


Planets. 

Ratio to tho density 
of the Earth. 

Ratio to the density 
of Water. 

Mercury . . . 

1234 

6‘71 

YenuB .... 


5 11 

Earth . . . . ' 

1000 ! 

5 14 

Mars j 

0-968 

521 

Jupiter . , • . ! 

0 243 1 

1 32 

Sat am , . . . i 

0140 1 

076 

Uranus . , . . ^ 

0178 ' 

0-97 

^'eptuiie , * . 

0-230 1 

1 1 

1 25 


In the above table the comparison of the densities of the 
different planets with that of water is based on the density 
of our own globe. This was given by Reich’s experiments 
with the torsion-balance made at Freiberg, 5-4383 ; the 
analogous earlier experiments of Cavendish give, according 
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to the more exact re>calculation of Francis Baily, the very 
s^ilar result of 5*448, and Baily’s own experimenta 5*660. 
We see that the density of Mercury, according to Encke’s 
determination of its mass, is near that of the other planets 
of medium magnitude. 

Tlie above table reminds us again of the division, to which 
I have already repeatedly alluded, of the planets into two 
groups sepjrratcd from each *other by the zone of the small 
planets. The differences bettreen the densities of Mars. 
Venus, the Earth, and even Mercury, are very small, and 
there is nearly as great a similarity between those of the far 
less dense remoter planets — Jupiter, Neptune, Uranus, and 
Saturn. The density- of the Sun (0*252), that of the Earth 
being taken as =1 (1*37, therefore, when Water is taken 
as =1) is a little greater than the densities of Jupiter and 
Neptune. The following is the order of succcitsion of the 
sun and planets arranged according to increasing density 
(*“) : — Satuni, Uranus, Neptune, ^/npiter. Sun, Venus, 
Mars, Earth, Mercury. 

Although the densest planets are, ,on the whole, those 
nearest to the sun, yet, taken individually, the densities of 
the several planets are by no means proportional to their 
solar distances, as Newton wa.s inclined to assume 

7. Sidereal period of revolution and rotation round 
the axU . — We shall content ourselves here with giving the 
sidereal, or true periods of revolution of the planets in reb- 
tion to the fixed stars or to some particular point in the 
heavens. In the interval of time occupied by such a revo- 
lution the planet performs 360 complete degrees round the 
sun. The sidereal revolutions are very distinct from the 
tropical and synodical, of which the former relate to the 
return of the vernal equinox, and the latter to the difference 
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of time between two eucoessive conjunctions or oppositions. 


i 


i Sidereal periods of reTO> 
planets. ! lution. 


Rotation. 


1 

1 

days. 

d. 

h. 


s. 

Mewrury. 

87-96028 . . 


* 

. 

. . 

Venus . ; 

22'1-70078 . . 



. 

. . . 

Earth . ! 

865 25637 . 

. 0 

23 

56 

4 . 

Mars . . ; 

6S6‘»7964r . . 


0 

37 

20 . 

Jupiter . ; 

. 4332 58480 . . 

. fs 

0 

55 

27 . 

Saturn . ! 

. 1075021081 . . 

. 0 

10 

29 

17 . 

' Uranus . 

. 80686-8^51,. . 

, . 



« 

j Neptune. 

. 60126-7 . . 

-A — . 

• • ' 

‘ * 

• • * 


In another, and perhaps still more readily iiitelii^ble 
foim, the true periods of revolution are — 



Daj-i. 

Hour*. 

MLcutes. 

Seconda. 

Mercury 

87 

23 

15 

46 

Venus 

224 

16 

49 

7 

Earth 

865 

6 

9 

10-7496 


Froiu the last-nanaed of these periods (that of the Earth) 
the tropical period of revolution, or the length of the solar 
year, is found to be 365'24222, or 365'*, b**, 4S"', 47*'S09l ; 
by the effect of tlie precession of the equinoxes the length 
of the solar year becomes 0‘'595 shorter in the course of 


100 ye^irs : — 

Years. 

Pays. 

Hours. 

Minutes. 

Sectntda. 

Mars 

1 

321 

17 

30 

41 

Jupiter 

11 

814 

20 

2 

7 

Saturn 

29 

166 

23 

16 

32 

Uranus 

84 

5 

19 

41 

36 

Neptune 

164 

225 

17 
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The rotation is most rapid in the very large exterior 
plMiets whicli have long periods of revolution^ aud slower 
in the smaller planets which are nearer to tlie sun. The 
{)eriod of revolution varies considerably in the asteroids, or 
small planets between Mars and Jupiter, and will be stated 
subsequently in the account given of cacli ; it is sufticieut 
at jiresent to remark that it is longest in llygeia mid 
shortest in Flora. • 

8 . Inclination of the planetary orlnts and nxen of 
rotation. — Next to the masst^s of tlm planets the inclina- 
tion and excentricity of their orbits arc mnoug the most 
important elements on which tlie perturbations depend. 
Their comp5mson in the several scries of the inner, the small 
middle, and the outer planets (from Mercury to Mars, Iroin 
Flora to llygeia, and from Jupiter to Neptune), presents 
similarities and contrasts which lead to considerations re- 
5j)ecding tlie formation of these l)odies, ai>d their secular 
variations or changes connected with long periods of time. 
The planets w Inch revolve in such different elliptic orbits 
are all situ Ued in different planes. In order to render a 
numerical coinijarison j>o»sible they are referred to a funda- 
mental plane, eillier fixe<l, or moveable according to a given 
law. It is considered most convenient to take for this 
plane either the ecliptic (the path which the Earth reidly 
passes over), or the c‘{{uator of tlic terrestrial spheroid. 
In addition to these planes, the subjoine^l table contains the 
incliiuittoiis of the axes of rotation of the planets to their 
own orbits, so for as these are known on the evidence of 
tolerably secure investigation 
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Plaaets* 

Inolinalioii of 
the 

Orbitii to 
the Ecliptic. 

t 

Inclination of | 
the Planetar)^ ■ 
OrbitB to the 
Earth’d Ei^uator. 

Inclination of ^ 
the Axes of tlif ( 
Planets to 
their Orbiu. 

ilercury . * • 

7° O' 6"'.a 

28’ 4S' 8" 


Ttniw • ♦ ' 

3 23 28 *5 

24 33 21 

I 

Earth ... 

loo 0 

1 23 27 5i.8 

CfJ’ 32 

Marti .... 

I 1 51 6 .2 

1 .24 44 24 

61 18 

Jupitt?r . . . 

j 1 18 51 .6 

! 23 18 28 

86 51 

Saturn . . . 

1 2 29 35 .9 

1 22 38 41 


Uramid . . . 

1 0 46 28 *0 1 23 41 2-i 


Kept line. . . 

1 1 47 j 22 21 



The small planets have b«*en omiUcd,»hecau8e they will be 
troatal subsequently as a detached group. With the excep- 
tion of Mercury, which is situated so near tiie sun, and the 
inclination of whose orbit to the ecliptic (7'^ 0' 5"*9) is very 
nearly the same as that of the sur/s e(piutor 7° 30'), we see 
that the inclinations of the other seven planetary orbits 
oscillate between 0|'“ and SI®. In resix;ct to the position 
of each planet’s axis of rotation relatively to its own orbit, 
it is Jupiter which approaches most nearly to the extreme 
case of perpendicularity. In Uranus, on the other hand, 
to judge by the inclination of the paths of the satellites, the 
axis of rotation of the planet almost coincides with the plane 
of its orbit. 

As it is on the iHcliuation of the Earth’s axis to the plane 
of its orbit, therefore on the obliquity of the ecliptic {i. e. on 
the angle which the apparent path of the sun makes at its 
intersection with the terrestrial erpiat or,) that the distribu- 
tion and duration of the seasons, the altitudes of the sun in 
different latitudes, and the length of the day depend j so 
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this element is of the most essential importance in deter- 
faiiiing " astronomical climates” — i. e. the temperature of 
the globe, so far as that temperature is a function of the 
altitude attained by the sun at noon, and of the length of 
the time during which the sun .remains above the horizon. 
With a considerably greater obliquity of the ecliptic, or 
supposing the terrestrial equator to be perpendicular to the 
Earth’s orbit, every place on the Earth would once a year 
have the sun iu its zenith, even under tlie poles, and for a 
longer or shorter time would not see the sun rise. Under every 
latitude the difference of summer and winter (as well as of 
the length of day) would reach the maximum of contrast. 
In every part of the Earth the chmates would be in the 
highest degree of the description which we call " excessive 
their extreme character would be only very slightly modified 
by the extraordinarily complicated series of rapidly changing 
currents of air which would be produced. In the reverse 
case, that of the obliquity of the ecliptic being null, or the ter- 
restrial equator coiucidiug with the ecliptic, the dilference of 
seasons and of length of day would everywhere cease, because 
the sun’s apparent course would be uninterruptedly in the 
equinoctial line. The inhabitants of the poles would never 
cease to see the sun on the horizon. " The mean aimual 
temperature of any point on the Earth’s surface would also 
be that of each day in the year at the same place” 

Such a state of things has been called one of perpetual spring, 
ihoogli the constant equality of day and night seems the 
only reason for the term. If it existed on the Earth, a 
great part of the regions which we now call the tem|)erate 
zone, being deprived of the degree of summer beat which 
now stimulates and supports vegetation, would be transferred 
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to the always equable, but by no means desirable or agreea- 
ble, venial climate” which prevails under the equator 
the chain of the Andes near the limits of perpetual snow, 
and from which I suffered much on the desert mountain 
plains — the Paramos at elevations between ten and 

twelve thousand French, or about eleven and thirteen thou- 
sand English feet, above the sea. The temperature of the 
air in these regions always oscillates in the day-time between 
and 9° Kcaumur, or 42° and 52° Fahrenheit. ’ 

The ancient Greeks were much occupied with rough mea^ 
surements of the obliquity of^the ecliptic, and with conjec- 
tures resi)ccting its variability, and respecting the influence 
of the inclination of the terrestrial axis on climate, and on 
the luxuriance of organic development. These speculations 
were more especially pursued by Anaxagoras, by the Pytha- 
gorean school, and by (Enopides of Chios. The passages 
which illustrate them, so far as they have come down to us, 
are indeed scanty and vague ; but they enable us to perceive 
that the development of organic life, and the first appearance 
of animals, w ere imagined to have been cotemporaneous with 
the epoch at w’hich the terrestrial axis began to incline, which 
inclination also altered the habitability of the planet in par- 
ticular zones. According to Plutarch (de Plac. Philos., ii. 
8), Anaxagoras believed “that the World, after it had 
began and had brought forth living beings from its bosom, 
spontaneously inclined itself towards the noon or southern 
side.” To the same effect, Diogenes Laertius (ii. 9) says, 
when speaking of the opinions of the Clazomenian philoso- 
pher “ The stars hatl first begun to revolve, as it were, 
round a dome, so that what appeared the jjole was vertically 
O'bove the Earth ; but subsequently they assumed an oblique 
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direction.’' The obliquity of the ecliptic was regarded as a 
Cfismical event, an alteration which took place suddenly no 
allusion was made to a subse(|ucnt progressive change. 

The description of the two extreme or opposite cas^, to 
which the planets Uranus and Jupiter approximate most 
nearly, is suited to remind us of the alterations which the 
increasing or decreasing obliquity of the ecliptic w’ould pro- 
duce in the meteorological relations of our planet, and in tlie 
development of organic forms, if this increase and decrease 
were not restricted within very narrow limits. The recog- 
nition of these limits has been the object of the great 
labours of Leonhard Euler, ‘ Lagrange, and Laplace, and 
may be regarded as .aue of the most brilliant achievements 
of theoretical astronomy in modern times, and of the degree 
of [lerfection to which the higher analysis has been brought. 
The limits in question are indeed so narrow, tliat Laplace, 
in the Exposition du Systeine du Monde, ed. 1821, p. 303, 
stated that the obliquity of the ecliptic only oscillates 1 on 
either side of its mean jmsition. This is equivalent to saying that 
the torrid zone, or the tropic of Cancer, which is its northern 
boundary, can only approach by that quantity jiearer to the 
part of the Earth in which we live or that, leaving out 
of view the effects of the many other causes of meteorological 
lierturbations, Berlin mi^t Ije gradually transferred from its 
present isothermal line to thaf bf Prague. The implied ele- 
vation of the mean annual temijerature would hardly be 
more than one degree of the centigrade thermometer (1'8° 
Fah.) (“*). Biot, though also believing the variations of 
the obliquity of tho ecliptic to be restricted within narrow 
limits, yet deems it more advisable not to attempt at present 
to assign to them definite numerical values. He says— -‘‘La 
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diminution lente et s^culaife de Pobliquitd de Tecliptique . 
offre des 6tnt8 alteniatifs qui produisent une oscillation ^'t^^ 
nelle comimse entre des limites fixes. La theorie n’a pas 
encore pu parvenir a determiner ces limites ; mais d’apres 
la constitution du systi^me plan^taire, elle a demontr^ 
qu'eiles existent et qu’elles sont tres pen eiendues. Ainsi a 
lie considerer que le seul eflet des causes constantcs qui 
agissent actuellement sur le syst^me du monde, on pent 
affirmer que le plan de I’ecliplique n’a jamah coincide 
et nc coincidera jamah avec le plan de I'equateur, ph6- 
nomiine qui, s'il arrivait, produirait sur la terre le (pre- 
tenda !) printemps perpetuel” (Biot, Traite d’ Astronomic 
Physique, Srnc 4“d. 1847, T. iv. p. 91). » 

While the Nutation of the terrestrial axis discovered by 
Bradley depends solely upon the influence of the Sun and 
the Earth’s own satellite upon the compressed form of our 
planet at its poles, the increase and decrease of the ob- 
ihjuily of the ecliptic is a consequence of the varying posi- 
tions of all the planets. These are at present so distributed 
tliat their joint action on the Earth’s path or orbit produces 
a diminution of the obliquity, which diminution amounts at 
tlie present time, according to Bessel, to 0"'457 annually. 
After the lapse of several thousand years the places of the 
planetary orbits and their nodes {i»ints of intersection on 
tlie ecliptic) will be so different %at the advance, or preces- 
sion, of the eejuinoxes will be changed into a retrogression, and 
thereby produce an increase of the obliquity of the ecliptic. 
Theory teaches that this increase and decrease occupy periods 
of very unequal duration. The oldest a.stjonomical obser- 
vations which have been preserved to us with exact nume- 
rical data extend back to the year 1 104 b.c., and testify the 
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high antiquity of Chinese civilisation. There are remains 
Chinese literature scarcely a century less ancient ; and a 
regular historic chronology readies back (according to 
Edouard Biot) to 2700 years before our era (***). Under 
the Regency of Tscheu-kung, brother of Wu-wang, the 
length of the sun’s meridian shadow ^.{is measured at 
the summer and winter solstice, with an 8-foot gnomon, at 
the town of Ij)-jang, to tlie south of the Yellow River, in 
latitude 31° 46' (the present name of the town is Ho-nang- 
fu, in the Province of Ilo-nan.) These mea-surements 
gave the obliquity of the ecliptic 23° 51' j being 27' greater 
than it was in 1850. The observ'ations of Pytheas and 
Eratosthenes at Maaseilles and' Alexandria are six and seven 
centuries later. We possess four results respecting the 
amount of the obliquity of the ecliptic previous to our era, 
and seven results intermediate between that period and 
Ulugh Beg's observations at the Observatory of Samarcand. 
The theory of Laplace agrees admirably, having differences 
which are sometimes plus and sometimes minus, with the 
observations extending over a period of almost 3000 years. 
We are more fortunate in the knowledge of the early Chinese 
measurements of the length of the solar slnulow, as the 
writing containing the account escajied, we know not how 
or why, from the great destruction of books which took 
place from motives of huiaticistn, by the orders of the Emperor 
Slu-hoang-ti of the Tsin dynasty, 246 years before our era. 
As, according to the researches of Lepsius, the commence- 
ment of the 1th Egyptian dynasty, which began with the 
reigns of the pyramid-building kings, Chufu, Shafra, and 
Menkera, was 23 centuries anterior to the solstitial obser- 
vation at Ijo jang, we may assume with very great probabi- 
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lity— seeing the high degree of intellectual cultivation of 
the Egyptian nation, and its early construction of calend^’ 
— that similar measurements had been made at least as early 
in the Valley of the Nile; but none such have come 
down to us. Even the Peruvians — althouglt they had made 
less advances than the Mexicans and the Muyscas (inhabi- 
tants of the mountains of New Granada) in the improve- 
ment of calendars and intercalation — had gnomons in which 
the style was surrounded by a circle drawm upon a very even 
surface. These gnomons were placed in the interior of the 
great temple of the Sun at Cuzco, as well as in many other 
parts of the Peruvian empire : the one at Quito, situated 
idmost directly under the e<]uator, used lo be decorated with 
llowers at festivals held at the equinoxes, and was regarded 
w'ith particular honour 

9. Eirccntriciiy of the planetary orbits . — The form of 
the elliptic orbits is determined by the greater or less dis- 
tance of the two foci from the centre of tlie ellipse. Tliis 
distiuice — or the degree of cxceutricity of the planetary 
orbits expressed in parts of their semi-axes — varies from 
0'0()6 in Venus (dilfering, therefore, very little from a circle) 
and 0 076 in Ceres, to 0-205 in Mercury and 0-255 in 
Juno. The least exceutric orbits are successively those of 
Venus, Neptune, and the Earth, the last of which is now 
diminislung at the rate of 0-00004'299 in a hundred years, 
wliile the minor axis is increasing; then follow Uranus, 
Jt piter, Saturn, Ceres, Egeria Vesta, and Mars. The most 
exceutric orbits are those of Juno (0-255), Pallas (0-239), 
Iris (0-232), Victoria (0 217), Mercury (0-205), and Hebe 
(0-202). In some planets — as Mercury, Mars, and Jupiter 
— the excentricities are increasing; wliile in others*~-a8 
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Venus, the Earth, Saturn, and Uranus — they are decrt^ing. 

following table gives the exeentricities of the huger 
planets according to Hansen for the year 1800 ; the exccn- 
tricities of the 14 small planets will be given subsequently, 
together with the other elements of their orbits, for the 
middle of the 19th century 


Mercury 

• « 

. 0-2056163 

Yen us 

• • 

. 0-0068618 

Earth . 

« • 

. 0-0167922 

Mars . 

* * 

. 0-0902168 

Jupiter 


. 0-0481621 

Saturn ^ 

• • 

. 0-0561505 

Uranus 

• • 

. 0-0466108 

Neptune 

• • 

. 0-0087195 


The movement of the major axis (line of the apsides) 
in planetary orbits, whereby the place of the perihelion is 
altered, takes place always in one direction. It is a change 
in the position of the line of the apsidc.s which would 
require more than a hundred thousand years to complete its 
cycle, and is to be thoroughly distinguished from the 
changes of form or of ellipticity suffered by the orbits. The 
question has been mooted whether, in the course of several 
thousand years, the increa-sing value of this element could 
modify in a considerable degree the temperature of the 
Earth, in respect to its amount and distribution in the 
different parts of the day and of the year? Whether 


tiiere Jgigbt not be found in these regularly and continually 
aUtill^ilstronomical causes a partial solution of the great geo- 
problem of the remains of tropical vegetable and ani- 
fonns in the present cold zone ? The same mathematical 
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rcas<«iafi§9 which have excited apprehensions, in respect to ^ 
the fdsitidn of the apsides;— the forin of the planetary ellip,- 
tical orbits ta^'coj’ding as they ajjproximate to a circle on the 
oilc hand, or to a comct-Uke degree of excentricily on the 
other),— the inclination of the axes of the planets,— the varia- 
tion of the obliquity of the Ecliptic, — or the influence of the 
precession of the equinox('s on the length of the year, — also 
afford, when carried to a higheiP degree of analytical deve- 
lopment, cosinical grounds which counterbalance such appre- 
hensions. The major axes and the masses arc constant. 
P<;riodical return prevents fh^ indefinite accretion of parti- 
cular peiiurbations. The exccntricities of the two greatest 
planets, Jupiter and Saturn, besides being in themselves 
very moderate in amount, undergo, by reason of a reci- 
procal and corapensatiiig influence, alternate increase and 
decrease, which are restricted within known and determinate 
and generally narrow limits. 

By the alteration in the position of the line of the apsides 
(sas), |)je point at which the Earth is nearest to the Sun 
tends gradually to change towards the opposite period of 
the year. If at present the jieriheltou falls in the beginning 
of January, and tlie apbelion six months later, or in the 
beginning of July, tfie progressive change of position, or 
turning movement, of the line of the apsides or major axis 
of the Eartb*.s orbit, may cause tlie aphelion, or maximum 
distance of the Earth from the Sun, to fall in those months 
which form the winter of the northern hemisphere, and the 
perihelion, or minimnm distance, in our summer |^o that 
in January the Earth would be 700000 German, or 
English, geographical miles (about th of the mean 
between the two bodies) farther from the Sun than in 

VOL. lU. V 
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wliich is the couverse of what now takes place. At fittit agll'^' 
iAntight seem as if the transference of the jwriod of the 
greatest proximity of the Earth to the Sun to the opposite 
season of the year (to our summer instead of our winter) 
nmst produce great climatic alterations ; but, in fact, sup- 
posing such a triiusfereuce to have been eiTccted, it would 
follow that the Sun would no longer huger for seven addi- 
tional days in the northern hemisphere, and would no longer, 
jis at present, pass through the jjortion of the Ecliptic from 
the autumnal to the vernal equinox in a space of time shorter 
by a week than that which it Requires for traversing the other 
half of its path, or from the vernal to Ute autumnal equinox, 
'riie difference of temperature (we here regard, enclusively, 
astronomical clinmtes, setting aside all physical considera- 
tion? resjiecting the relative proportions of sea and land in 
the different parts of the surface of our globe) — the 
difference of temperature, I say, apprehended as liable 
to ensue from a change of tlie line of the apsides, would 
disappear almost entirely, from the counterbalancing cir- 
cumstance, that the point at which our jilanet is nearest to 
the Sun is at the same time always that at whirh it moves 
most rapidly (®*®). The fine theorem first enounced by 
Lambert according to which the quantity of beat which 
tlif Earth reccivis from the Sun in each part of the year is 
pro|>urtional to the angle described in the same interval of 
time by the radius vector of the Sun, contains within itself, 
to a certain degree, a satisfactory reply to the supposition of 
gr^t <dimatic change. 

We have said that the altered direction of the line of the 
apiidi's can exert but little influence on the temperature of 
the globe ; ami it may be added that, according to Arago 
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and 3ftM89on the probable alterations of the ellipse 

fon&ra by the Earth’s path are comprised within such narrow 
limitSj that they can only modify the climates of the different 
terrestrial zones to a very moderate extent, and, moreover, 
very gradually, and in very lo^ig periods. Although the 
analysis by which these limits are exactly determined is not 
yet fjuite completed, yet it hsis at least shown that the ex- 
ceutricity of the Earth will never be transformed into that 
of Juno, Pallas, or Victoria. 

10. Strength of the Sun’s light on the different 
planets. — If we make the strength of the Sun’s light on 
the surface of the Earth = 1, find for — 


Mercury 

Venus 

Mars . 

Pallas 

Jupiter 

Saturn 

Uranus 

Neptune 


6-674 

1-911 

0-431 

0-130 

0-036 

0-011 

0-003 

0-001 


Owing to the greo* . excentricities of the orbits of some 
of the planets, the intensity of light on their surface differs 
much at their greatest and least distance from the Sun. 
'I’hus it is in — 


Mercury, when in perihelion, 10-5S,- in aphelion, 4*59 
Mars „ 0-52; „ 0*36 

Juno „ 0-25; „ 0*^ : 

while the Earth, from the small cxcentricity of its ellipiiwj. 
has in perihelion 1-084, and in aphelion 0-967. If the 
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-light of the Suu is nearly 7 times more intense at the sur- 
fa^ of Mercury than on that of the Earth, it must be 
times less intense on Uranus. The ratio of wnarmth is not 
lierc considered, because it is a complicated phenomenon de- 
pending on the existence or non-existence of planetary atmo- 
.«pheres, their heights, and sj)ecial constitution. I will merely 
allude to the conjecture of Sir John Herschcl resjiecting the 
temperature at the surface of the moon, “ which,” he tJiinks, 
may perhaps considerably exceed that of the boiling-point 
of water” 

ft. 

General comparative consideration.s respecting snbordijiute 
pluu(;ts or satellites have been already given with some de- 
gree of fulness in the "Picture of Nature” in the 1st 
volume of Ko-smos (S. 99 — 104, German ; p. 86 — 91, Eng- 
lish). At that time (March 1845) only 11 planets and 18 
satellites were known. t)f asteroids — also called telescopic 
or small planets — only four had been discovered — viz. 
Cer^, Pallas, Juno, and Ve.sta. At the present moment 
(August 1851) the number of primary planets exceeds tliat 
of secondary planets or .satellites ; for we now know 22 of 
the former, and 21 of the latter. After a thirty-eight years’ 
interruption of planetary discoveries, from 1807 to De- 
cember 1845, the discovery of Astnea by Hencke was the 
of a long succession by which 10 new small planets 
have become known to us. Ofthe.se, Hencke at Driesen 
recognised two (Astnea and Hebe) ; Hind, in London, four 
(Iris, Flora, Victoria, and Irene)} Graham, at Markree 
Gaatle, one (Metis) ; and De Gasparis, at Naples, three (Hy- 
geia, Parthenoije, and Egeria). The recognition of the 
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outermost of all the large planets, Neptune, announced by* 
Le Verrier at Paris, and seen by Galle at Berlin, foUowecHen 
montlis after that of Astnea. Discoveries now succeed each 
other with such rapidity, that, after the lapse of a few years, 
a topograjihy of the solar system appears as antiquated as 
do statistical descriptions of countries after a similar in- 
terval. 

Of tlic 21 satellites at present known, 1 belongs to the 
Earth, 4 to J upiter, 8 to Saturn (the last discovered of these, 
Hyperion, the 7th according to distance, was discovered 
nwirly simultaneously on tiie.two sides of the Atlantic by 
Bond and Lassell), C to Uranus (of wjiich the 2d and the 
■tth JU'c the most securely ascertained), and 2 to N(!ptnne. 

The satellites wiiich revolve round the primary planets 
constitute subordinate systems, in wliich the j)lanets appear 
as the central bodies of domains of various and very diffe- 
rent dimensions, in which the great solar domain is, as it 
were, repeated on a smaller scale. According to our ])re- 
sent knowledge, the domain of Jupiter has a diameter of 
520000 (2080000 Eng.}, and that of Saturn 1050000 
(4200000 Eng.) geographical miles. In tlie time of (la- 
hleo, when tlie expression of “ Mundus Jovialis” was often 
used to describe the planet .! upiter and its attendant satellites, 
liie.se analogies between the solar system and the subordi- 
Mate systems included within its limits, contributed much to 
the miire rapid and more general reception of the Co{>eruican 
views. Such analogies also remind us of the reiietition of 
form and jiosition which arc often presented to us iu 
organic life. 

The distribution of the satellites comprised within the 
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Splar domain is so unequal, that whilst, on the whole, the 
prQ)»ortion of the pritnarj planets which have ito such 
attendants to those which are so accompanied is as $ to 5, 
the latter class, with the single exception of the Earth, all 
belong to the outer planetary group, situated beyond the 
intersecting orbits of the asteroids or small planets. The 
only satellite in the group of the inner planets situated be- 
tween the Sun and the asteroids — viz. our Moon— is strik- 
ingly large in proportion to tlie diameter of its primary 
planet. Tliis proportion is -y V ; whereas the largest of 
all the satellites of Saturn /the Cth, Titan) is probably 
only Ts-r f aud the largest of Jupiter's satellites (the 
3d) j iV of re8i)hctivc primaries. We must distinguish 
in this consideration between relative and absolute magni- 
tude. Our Moon, which is relatively so large, is aim- 
lutely smaller than any of the four .satellites of Jupiter ; the 
diameter of the former being 454, and the diameters of the 
latter respectively 770, 664, 529, and 475 German geogra- 
phical miles (or the Moon 1816, and Jupiter’s satellites 
3104, 2656, 2116, and 1900 English geographical miles). 
The magnitude of the 6th satellite of Saturn differs very 
little from that of the planet Mars (the diameter of which 
is 892 German, or 3568 English geographical miles) (®'*®). 
If the question of telescopic visibility depended solely on 
the diameter of the satellite, and was not also conditional 
on the proximity to the disk of its primarj' planet, and the 
remoteness and nature of its light-redecting surface, we 
should have to regard the Ist and 2d of Saturn's satellites 
(Mimas and Enceladns), and two of the satellites of Uranus, 
which have been repeatedly seen, as the small^t of 
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ail known satellites. It is, however, safer to designate 
them merely as the smallest luminoas points. At pres^it* 
there appears more reason to believe that the smallest of all 
planetary bodies, meaning thereby bot||j primary planets and 
satellites, are to be sought for among the small or telescopic 
planets (*♦*). 

The density of satellites is by no means always inferior 
to that of their primary planets^ as is the case in our Moon 
(wlwse density, compared to tliat of the Earth, is as O' 61 9 
to 1), and in Jupiter’s 4th satellite. The densest of these satel- 
lites, the 2d, is, on the other hand, denser than Jupiter; 
while the 3d and largest appeiirs to have the same density 
as the planet itself. Nor do the massss increase with the 
distance : if the planets have arisen from revolving rings, 
peculiar causes, which may perhaps ever remain hidden from 
us, must have occasioned in the various cases larger or 
smaller, and denser or rarer, accumulations around a nucleus. 

The orbits of satellites belonging to the same group have 
very different excentricities. Ei the system of Jupiter, tlie 
orbits of the 1st and 2d satellites are almost circular; while 
of those of the 3d and 4th the excentricities amount tu 
0 0013 and 0'0072. In the system of Saturn, the orbit of 
the satellite which is nearest to the planet (Mimas) is con- 
siderably more excentric than the orbit of Enceladus, or 
than that of Titan, which lias been so accurately determined 
by Bessel. The exceutneity of this, the 6th satellite 
of Saturn, and the largest and earliest discovered, is otdy 
0'02922. According to all these data, which are deservitig 
of considerable confidence, Mimas is the only satellite whose 
orbit is more excentric than that of our Moon 1 0*05434). 
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Of all known satellites, the Moon is the one whose orbit is 
tht^ most cxcentric as compared with that of the primary 
planet round which it revolves, (llespccting the distances 
of sateliites from th|j^ central planets, sec Ko8mo.s, Bd. i, 
S. 1 02 ; Eng cd. p. 8S-S9.) The distance of Saturn’s nearest 
satellite, Mimas, is at present estimated not at 20022, but 
at 25600 German geographical miles (S008B and 102400 
English ) ; w hence the resulting distance from Saturn’s Ring 
is somew hat above 7000 German (2BOOO Etig.) geographical 
miles, reckoning the breadth of the Ring at 6017 Gerinmi, 
or 241S8 English, and tlu; distance of the Ring from the sur- 
face of the planet 1-594 German, or 18676 English, geogra- 
phical miles The orbits of satellites present also remark- 
able anomalies in regard to position, thougli there is at the 
saine time a certain agreement in this respect in the system of 
Jupiter, whose satellites all move very nearly in the plane of 
the equator of tlieir central planet. In the group of Saturn's 
satellites, 7 revolve nearly in the plane of the Ring, while 
the outermost or 8lh, Japetus, is inclined 12° 14' to that 
])!uiie. 

In these general considerations resjiecting the planetary 
spheres, we have descended from the liigher (probably not 
flu? highest) system — that of tiicSun— to the subordi- 

nate jrartial syslcnis of Jupiter, Saturn, Uranus, and Nep- 
tune. As a tendency to generalisation is, as it were, itdtorii 
in thoughtful and imaginative man, — as an unsatislied cos- 
mical anticipation seems to present to him, in the movement 
of translation of our solar system in space(^‘*'‘), the idea of an 
ascending relation and subordination ; so, on the other hand, 
the possibility has been suggested that J .ipiter’s satellites 
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may be in their turn the centnii bodies, around which revolve 
otlier secondary cosniical bodies which remain unseen by 
reason of their smallness. Thus individual members of the 
partial systems, which are principally found in the outer 
group of primary planets, would have other similar system*- 
subordinated to them. Man’s love of systematic arraiige- 
oient is, it is true, gratified by repetitiou-s of form in de- 
st!cuding or ascending order, in images a hich are the crea- 
tures of his own fancy ; but in severer and more carne.st 
investigations it is forbidden to confound an ideal with the 
jictual Cosmos, or to mingle the possible with the more sure 
re-sults of observation. • 
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SPBCIAX. NOTICE OF THE SEVEUAL PLANETS AND THEIR SATEL- 
LITES AS PARTS OF THE SOLAR DOMAIN. 

The especial object of a physical description of the Universe 
is, as 1 have already remarked, the assemblage, both in 
the sidereal and telluric range of phenomena, of all the 
most important numerical results resting on adequate and 
accurate investigatiqn np to the present time — viz. the 
middle of the nineteenth century. Tlie forms and the 
movements of the physical Universe are here depicted as 
Created, Existing, Measured. Neither the bases on which 
the obtaineil numerical results repose, — nor the cosmogonic 
conjectures which, in the varying states of inecliaiiical and 
physical knowledge, have arisen in different ages respecting 
the mode of formation, — nor questions relating to the myste- 
rious act of Ca-ation itself, — belong, in a strict sense, to the 
domain of these empirical deductions (Kosmos, Bd. i. S. 
— 31, 03, and 87 ; Eng. ed p. 30 — 33, 57, and 75). 


Tht; Sun. 

I have stated in the preceding |)ages {Bd. iii. 8. 378— 
405 } Eng. ed. p. 267 — 205) both the numerical results and 
the views now prevailing respecting the physical constitution 
of the central body of our system. It only remains to give, 
from observations made since those pages were written, some 
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sdditioiifJ remarks on tae red or roseate appearances referred 
to in pages 278 — 280 of the English translation. The impor- ' 
tant phenomena presented by the solar eclipse of the 28ih 
J uly, 1 851, which was total in the East of Europe, have added 
fresh force to the ojiinion expressed by Atago in 1 842, that 
tlie red mountain- or cloud-like projections on the margin of 
the darkened solar disk belong to the gaseous outermost enve- 
lojMJ of the Suu(®*®). These j>rojections were gradually 
uncovered by the receding west limb of the Moon as that 
body continued its course to the eastwurtl (Annuaire du Bu- 
reau des Longitudes pour 1852, p. 457) , and, on the other 
hand, disappeared on tlie opposite side as they were gra- 
dually cocered by the advancing easterii limb of the Moon. 

The intensity of the light of these margiind projections 
was so considerable that it was possible to recognise them 
in the telescope tlirough thin veiling clouds, and even with 
the naked eye witliin the corona. 

Tlie shaiMJ of some of these mostly ruby- or peach-red forms 
ttsisscen to undergo rapid and sensible alteration during the 
short continuance of the total eclipse : one of the projec- 
tions appeared bent at the top, and showed itself to tnany 
observers as an overhanging column of smoke in proximity 
to ii freely suspended detached cloud The elevation 

of the projections was estimated for the most part at from 
T to 2' : in one case it seems to have been even greater. 
Besides these pointed elevations, of which from three to live 
were couiitetl, there were also seen long, narrow, crimson- 
coloured bands, often deutated at the edges, appearing as if 
itsiiug against the margin of the Moon 

The pirt of the Moon's limb which was not projected on 
the Sun's disk (s<8) was again most distinctly seen. 
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the part of the Sun’s margin where the largest over- 
"hanging red gibbosity appeared, a group of solar spots Wivs 
visible, — situated, however, a few minutes distant from the 
margin. On the opposite side, not far from the faint eastern- 
most marginal projection, tliere was akc a solar spot near 
the Sun’s limb. The actual distances, however, implied by 
the few minutes of space ou the Sun’s disk here spoken of, 
would oppose our assuming, that the funnel-shaped openings 
or depressions indicated by the spots funiished the matter 
for these red gaseous exhalations ; but since the entire sur- 
face of the Sun, when viewed with strong magnifying powers, 
shows visible punctures or prfres, tliere is the greatest pro- 
bability in favour of,.the opinion, that tlic same exhalations 
of vapour or gas which, in ascending from the body of the 
Sun, produce the funael-shapetl openings seen by us as solar 
spots issue forth eitlicr through these openings nr 

through the pores, and being illuminated by the photo- 
sphere, present to our view variously-shaped roseate clouds 
or columns of vapour in the third or outermost solar 
envelope. 

Mercury. 

If we remember how' much, from the earliest times, the 
Egyptians {®®®) were occupied with the planet Mercury 
{Set — Homs), and the Indians with their Budha {®®'), — 
how, under the clear sky of Western Arabia, the star- 
worship of the tribe of tlie Asedites (*®^) was directed e^ln- 
sively to Mercury, — and that Ptolemy, in the 9th book of 
the Almagest, was even able to avail himself of fourteen 
observations of that planet, extending back to 261 years 
before our era, and belonging in |)art to the Chaldeans 
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^853j^— we shall be surprised that Copernicus, who lived to 
attain his 70th year, should have had to complain on hii 
death-bed tliat, much as he had tried, he had never s«»u 
• Mercury. Nevertheless, the Greeks designated tliis planet, 
and justly so, “the strongly sparkling” (<rrtX/3w»') (***), on 
account of its occasional intense light. Like Venus, it 
presents to as phases or varying forms in its illuminated 
portion ; and appears to us sometimes as a morning, and 
sometimes as au evening star. 

Mercxiry, at its mean solar distance, is little more than 8 
millions of German, or 32 millions English, geographical 
miles from the Sun, being e'xactly 0*3870938 parts of the 
Earth’s mean distance from the Sun» From the great ex- 
ceutricity of its orbit (0*20.o(>l(>3), the distance of Mercury 
from the Sun is, in perihelion, 6;J^, and in aphelion 10 mil- 
lions of German geographical miles (25 and 40 millions 
English). It completes its revolution round the Sun in 
87 mean terrestrial days, 23 hours, 1.5 minutes, and 46 
seconds. By tlie somewhat uncertain observations of the 
shape of the southern horn of tlie sickle, and by noticing a 
dark streitk w'hich was blackest towards the east, Schroter 
and Harding estimated its time of rotation at 21 hours 5 
minutes. 

According to Bessel’s determinations made on the occa- 
sion of the tnin-sit of Mercury on the 5tli of May, 1832, 
its true diameter is 67 1 German, or 2684 English geogra- 
phical miles (®®®) — i.e. 0*391 parts of the Earth’s diameter. 

The mass of Jlercury was assigned by Lagrange 
from very hazardous assumptions respecting the recipro- 
cities of ratios of densities and distances. Eueke’s comet 
of short period first afforded a means of correcting this 
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iuportimt element. Euckc has detenniiied the mass of 
-~34erciiiy at t -rs T 'tTT of the Sun^s mass, and about -j a y of 
that of the liltutb. Laplace, in accordance with Lagrange, 
had made but the true mass is only about ,*rths 

of that quantity. This correction refutes at the same 
time the previous hypothetical statement of the rapid in- 
crease of planetary density with increasing proximity to the 
Sun. If, with Han.sen, we take the volume of Mercury 

a *' 

at tb'<j '^hs of that of the liiirth, the resulting density of Mer- 
cury, as compared to that of the Earth, is only as 1*22 : 1. 
"These determinations," ailds my friend, their author, "are 
only to be considered as first* attempts, winch, however, 
approximate much more nearly to the truth than Lajjlace's 
assumption." Ten years ago, the density of Mercury was 
still assumed to be almost three times greater than that of 
the Earth (2'56 or 2'94), that of the Earth being ssTOfi. 


VenuH. 

The mean distance of Venus from the Sun is 0'7233<n7 
in parts of the Earth’s solar distance, or 15 German or 60 
English millions of geographical miles. The sidereal or 
true jieriod of revolution of Venus is 224 days, 16 hours, 
49 minutes, 7 seconds. No other planet approaches so 
near to the Earth as does Venus : it may approach us within 
5^ German, or 21 English, millions of geographical miles ; 
but it may also be a* remote as 36 German, or 144 English, 
millions of geographical miles : and Jience the great varia- 
bility of its apparent diameter, but which by no means de- 
termines solely the intensity of its brigldness The 

exct ntricity of Venusi's orbit is only 0 * 00686182 , expressed 
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in parts of the semi'Oiajor axis. The diameter of this pknet is 
1694 German, or 6776 English, geographical miles; its 
mass ttttt# » ita volume 0’957, ana its density 0-94*, las 
compared to the Earth. 

Of the transits of the two inferior planets, first announced 
by Kepler in his Rudolphine Tables, it is that of Venus 
whiclt^ by the aid it afibrds towards the determination of 
the Sun's parallax and the distance of the Earth from the 
Sun thence derived, is most important in its bearings on 
the theory of the entire planetary system. According to 
Encke’s complete investigation of the transit of Venus which 
happened in 1769, the Sun's parallax is 8''"o7116 (Ber- 
hner Jahrbuch fiir 1852, S. 323). ^ On the proposal of 
a distinguished mathematician — Professor Gerling, of Mar- 
burg — since 1849, a new investigation respecting the Sun's 
parallax has been undertaken by the orders of the Go- 
vernment of the United States of ISiorth America. It is 
designed to obtain the parallax by means of observations of 
the planet Venus near its eastern and western elongation, 
as well as by niicrometric measurements of the differences 
in Right Ascension and Declination of well-determined 
fixed stars, made at places on the Earth’s surface differing 
considerably in latitude and longitude (Sebum. Astr. 
Naehr. No. 599, S. 363 ; and No. 613, S. 193). The 
astronomical expedition charged with the prosecution of this 
undertaking, and which is commanded by a highly-informed 
officer — Lieutenant Gilliss, of the United States Navy — 
has proceeded to Santiago dc Chile. 

The rotation of Venus upon its axis was long the subject 
of many doubts. Dominique Cassini, in 1669, and Jacques 
Cassini, in 1732, found 23 hours 20 minutes as its period; 
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while Bimichini (*®*) at Rome, in 1726, assumed the slow 
rotation of 2 duys. The more exact observations of De 
Vibo, in the years 18-tO — 42, have given from the mean of u 
great number of "spots of Venus,” 23 hours, 21 minutes, 
21*93 seconds. 

These spots, which appear on the boundary dividing 
the illuminated from tlie shaded jmrtion of the planet when 
Venus appears as a bow, are^ seen only rarely, and are faint 
and for the most part variable ; so that both the Herschels, 
father and son, have believed them to belong, not to the solid 
surface of the planet, but more probably to an atmosphere sur- 
rounding it The variable shape of the horns of the 

bow, especially of tlu^ southern, has been used by La Hire, 
Schrbter, and Miidler, i»artly for estimating tlie heights of 
the mountains, and partly and more particularly for deter- 
mining the rotation. The ]>henoinena are not such as to 
require for their explanation such elevations as w’ere assumed 
by Sehrdter at Lilienthal — of 5 German, or 20 English, 
geographical miles ; but, on the contrary, only such altitudes 
as the mountains of our own globe jjresent in both conti- 
nents (3®®). In the little that we know of the aspect of the 
surfaces or of the physical constitution of the two planets 
nearest to the Sun (Mercury and Venus), on exceedingly 
curious cnigina is presented by the appearance of an ash- 
coloured light, or an evolution of light not derived from 
any other body, which has been occasionally observed on the 
dark part of Venus by Christian Mayer, William Hewchel 
(3**), and Harding. Tlie great distance renders it unlikely 
that the reflected light of the Earth should be the cause in 
Venus as it is in the Moon. 

No compression at the poles has yet been observed 
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in either of the two inferior planets — Mercury or 
\enus. 

Earth. 

The mean distance of the Earth from the Sun is 120351 
times greater than the Ear th’s diameter — therefore 20G82 000 
German, or 82728000 English, geograjrhical miles, this 
quantity being considered uncertain to about 90000 German, 
or 360000 English, geographical miles, or -j-j-oth of its 
amount. The time of the sidereal revolution of the Earth 
round the Sun is 365'*. G''. 9% 10\7i96. The excentricity 
of the Earth’s orbit amounts to 0'01G79226, its mass 
is -rrv-rrri its density in proportioiT to water is as 5'44 
to 1. Bessel’s investigation of ten measurements of degrees 
gave the terrestrial ellipticity > the length of a 

German geographical mde of 15 to a degree at the equator 
.:>807'23 toiscs; and tlie equatorial and polar diameters 
rospectivelv 1718’9 and 1713'1 such miles, or 6875‘6 and 
G832'4 English geographical miles (Kosmos, Bd. i. S. 421, 
Anm. 100 ; Eng. ed. p. xiii. Kote 130). 1 confine myself 

lere to numerical data of figure and motion ; all that relates 
to the physical constitution of the Earth is reserved for the 
last — 7. e. the telluric portion of the Gosmos. 


The Earth’s Satellite. 

The mean distance of the Moon from the Earth is 51S00 
German, or 207200 English, geographical miles; its side- 
real ijcriod of revolution 27 days, 7 hours, 43 minutes, and 
11'5 seconds; the excentricity of its orbit 0‘054S442 ; its 
diameter 454 German, or 1816 English, geograpliical miles. 
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beiQg nearly ^ of the Earth’s diameter ; its volume 
of that of the Earth ; its mass, according to Lindeuau, 
(i^ording to Peters and Schidloffsky, -gi^) of the mass of 
the Earth j and its density 0*619, or almost fths the den- 
sity of the Earth. The Moon has no sensible flattening at 
the poles, but has an extremely small elongation or swelling 
towards the Earth (the amount of which is determined hy 
theory). The rotation of tJhe Moon round its axis is per- 
formed (as is probably the case with all safollites in reference 
to their respective primary planets) in exactly the same time 
as that in which it completes its revolution round the Earth. 

The solar light reflected frdm the surface of tire Moon is 
in every zone faintef than the solar light reflected in the 
daytime from a white cloud. When taking lunar distances 
from the Sun for determinations of geographical longitude, 
it is not unfrequeutly found difficult to distinguish the 
Moon’s disk among the more intensely illuminated cumuli. 
On mountains between thirteen and seventeen thousand feet 
high, where, in the clearer mountain air, only light, fcatlieiy 
cirrous clouds are to be seen, 1 found it much easii^r to 
distinguish the Moon’s disk, both because cirrus from its 
slighter texture reflects less of the Sun’s light, and the light 
of tlie Dkloon loses less in passing through thin atmospheric 
strata. The ratio of the intensity of the Sun’s light to tiuit 
oi the full moon deserves a fresh investigation, as liouguor’« 
generally received determination differs so strik- 

ingly from the indeed more improbable one of Wollaston 

(•TTi'aTT'ro) 

The yellow light of the Mwn apitears white by day, be- 
cause the strata of air through which we see it being blue, 
present the complementary colour to yellow Accord- 
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iiig to the many and various observations made by Arago with 
his polariscope, the light of the Moon contains j)olarised light, 
wliich is most distinctly traceable duringthe first fjuarter of the 
Moon and in the grey spots on its surfaee : for example, in the 
large, dark, sometimes somewhat greenish, wall -surrounded 
plain called the Mare Crisinm. Such plains are mostly tra- 
versed by long low ridges of hills, oirering those angles 
of inclination of the surface which are required for the 
polarisation of the reflected solar Ught. The dark tone 
of colour of the adjacent parts seems, moreover, to render 
the phenomenon still more sensible by contrast. As regards 
the shining central mountain of the group called Aristarchus, 
on which observers have repeatedly imagined that they saw- 
volcanic action taking place, it showed no stronger polarisa- 
tion of light than did other parts of the Moon’s surface. 
In the full moon no' mixture of polarised light was per- 
ceived; but during a total lunar eclipse (31st May, 1S4S) 
Arago remarked undoubted signs of polarisation in the 
reddened disk of the Moon, — a phenomenon of which we 
shall have occasion to speak presently (Comptes rendus, 
T. xvui. p. 1119). 

That the light of the Moon does produce heat is (like so 
many others due to my celebrated liieud Melloui) among 
the most important and most surprising discoveries of our 
centur)'. After many unsuccessful attempts, from La Hire 
to those of the acute Forbes (®®^), Melloui, by means of a 
lens (lentille a echelons) of three feet diameter, made for the 
Meteorological Institution on the Cone of Mount A esuvius, 
succeeded, in different phases of the Moon, in observing 
most satisfactory indications of an elevation of temperature. 
Mosotti, Lavagna, and Belli, Professors of the Universities 
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of Pisa ftinl Pavia, witnessed these experiments, the Ktsuits 
of whicli varicii according to the Moon^s age and altitude. 
I'o what amount, expressetl in fractional parts of the cenn 
grade thermometer, the increii.se of temperature produced in 
Melloni’s thcrmoscopic pile correspontied, had not tlven (in 
the summer of 184d) been examined 

Tlte ashy grey light Seen on the Jloon’s disk, when 
for some days before mid tifter the new moon the part 
illuminated by the Sun is ordy ii narrow how, i.s earthliglil 
on the Moon — “ the rellection of a Tcllection.^' The less 
the Moon appears illuminated as viewed from the Earth, 
the more illuminated is the Earth as viewed from tlu; 
Moon. But the tartliiight received on the Moon is 
times stronger than tlie moonlight received on the 
Earth, and is bright enough to be |>erceivcd by us on a 
second reflection. In this faint light the telescope can dis- 
tinguish both the larger spots, and also bright shining 
points — mountaiu-suinmil.s in tiu* lunar land.scape.s ; and, 
even when more than half the Moon’.** disk reflects to ns the 
full illumination of the Sun, a faint grey iiglit can still be 
seen on the remaining portion by the aid of the telescope 
These phenomena are particularly striking alien 
viewed from the high mountain plateaus of Quito and 
Mexico. Since Lambert's and Schrdter’s writing.s, the opi- 
nion ha.s prevailed, that the very various degrees of iiitensity 
of the grey light of the Moon at diflerent times proceed from 
the stronger or fainter return of the solar light from the sur- 
face of the Earth, according a.s this is reflected from connected 
continental masses foil of sandy or rocky deserts, grassy 
steppes, and tropical forests, or from extensive oceanic sur- 
faces. Lamhert, on tlic 14th of Pebruary, 1774, made, 
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witli « coraet-finder having a very light field, the remarkable 
observation of a change of the grey or ashy liglit of (Jie 
Moon into an olive-green colour, verging somewhat towards 
vellow. The moon, wliich then stood vertically over the 
Atlantic Ocean, received on its nocturnal side the green 
eartldight sent to it in a cloudless sky from the forest-covered 
regions of South America » 

The meteorological state of (Air atmosphere modifies the 
intensity of this curthlight, which has to traverse the double 
patli from the Earth to the Moon, and from tlie JIuou again 
to our (wcs. Thus," as Araco has remarked “when 
at some future day better photometric instruments shall be 
enijiloyed, wc sliall be able to read, as it \rcre, in the Moon the 
of transpareney of our atmosplicre." TIk* first 
correct explanation <if the nature of the ashy light of the 
Moon was given in a letter written by Kepler (ad Vitellionem 
Paralipoinena (piibus Astronomisc pars optica iraditur, 1604, 
p. ^51) to his highly venerated former instructor Mastlin, 
and put forward by the latter in 1566, on the occasion of 
the thesis publicly defended at Tubingen. Galileo (in the 
tSideri'us Nuucius, p. 2t5) spoke of the rellccted eartldight 
as of a tliin*' which he- had himself discovered several years 

O * 

before.; but in reality, a hundred years prior to Kepler and 
Galileo, the true explanation of the eavthlight visible to us 
on the Moon had not escaped the all-embracing genius of 
JiConnrdo di A'inci, ilis long- forgotten manuscripts have 
afibrded the proof of this 

In total lunar eclipses it hapi)ens in some exceedingly 
rare cases that the Moon disappears wholly : it did so, ac- 
cording to Kepler’s earliest observation (®"®), on the 9th of 
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Decmiber, 1601 j and in more rccent times, on the 10th of 
^une, 1816, in London, when it could not be discemed 
even with telescope. A peculiar, not sufficiently explained, 
state of the several strata of the atmosphere in regard to 
transparency must be the cause of this equally rare and 
curious phenomenon. Hevelius remarks expressly, that, in 
a total eclipse on the 25th of April, 1642, the sky was 
covered wi%,8parkling stafs, the air being perfectly clear, 
and yet, with the very various magnifying powers which he 
employed, the Moon’s disk continued without a trace of 
visibility. In other also veyy rare cases, only some por- 
tions of the Moon are faintly visible. In ordinary cases the 
disk api)ears, during a total ecli|)se, of a reddish hue, the 
colour being, indeed, of the most various degrees of inten- 
sity, passing even, when the Moon is far removed from the 
Earth, into a fiery glowing red. Whilst, more than half a 
century ago (29th of March, 1801), T was lying at anchor 
off the Island of Bam, not far from Cartagena de Indias, 
and observing a total lunar eclipse, I was exctjedingly struck 
by seeing how' much brighter the reddened disk of the 
Moon appears in the sky of the tropics than in my northeni 
native land (*?•). The whole phenomenon is known to be 
the result of the refraction of the rays, since, as Kepler very 
correctly expresses it (Paralip. Astron. pars optica, p. 893), 
the Son’s rays are inflected in their passage through the 
Earth’s atmosphere {*?*), and thrown into the cone of shadow. 
The disk, whether it be of paler or darker red, is never uni- 
form iit colour thronghout. Some parts always show them- 
selves of deeper tint than others, and the change of colour 
takes place prc^r^ively. The Greeks had a peculiar theory 
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respecting the colours which the darkened moon should 
cxliibit, according to the different hours at which the eclip^ 
commences (*73), 

In the long-continued controversy respecting the proba- 
bility or improbability of an atmospheric envelope to the 
Moon, exact observations of occultations of stars have shown 
that no refraction takes ydace at the Moon's edge; and 
Scliroter’s assumptions (*7«) of a'lunar atmosphere and lunar 
twilight are thus refuted. The comparison of the two 
values w’hich may be derived for the Moon's serai-dia- 
meter, on the one hand from direct measurement, and on 
the other from the duration of the occultation of a fixed 
star, (f. e. the length of time which 'the Moon takes to 
pass over the star), shows that, at the moment when the 
Moon’s limb comes in contact with the star, the starlight 
is not deflected from its rectilinear course by an amount 
sensible to our eyes. If there were refraction at the margin 
of the Moon’s disk, the second determinatiou of the semi- 
diameter must come out less than the first by twice the 
amount of such refraction; whereas it has been found, 
by repeated trials, that the two determinations agree 
so nearly that it has not been possible to find any 
decided difference between them (*75). The immersion or 
disappearance of a star behind the Moon, which can be 
observed with particular precision on the dark margin, 
takes place suddenly, and without any gradual diminution 
of the star’s brightness ; and the same is the case with the 
emersion or r^ppearance of a star. The few exceptions 
which have beeh remarked may have had for their cause 
accidental changes in our own atmosphere. 

if, then, the Moon is without any gaseous envelope, the 
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entire abseiKW! of anj difTost^ light must cause the heavenly 
bodies, us see!» from thence, to appear projected against ask 
almost bhtekm the daytime No undulation of air can 
there convey sound, song, or speech. The Moon, to our ima- 
gination which loves to soar into regions inacce."isiblc to full 
research, is a desert where silence reigns unbroken. 

The phenomenon u hich is sometimes remarked in occnl- 
tations of stars by the Moon, of a pausing or “ cleaving’' of 
the star to Sm Moon’s liml^or margin cannot well be 
regarded as a consequence of the “ irradiation,” which, from 
the great dillerence in the intensity of their light, causes the 
part of the Moon illuminated directly by the Sun, when 
only a narrow bow, to appear to the eye as if it enconi- 
jjassed the remaining dark portion. In a total lunar eclip«e 
Arago saw most distinctly a star cleave during the con- 
junction to the dimly- illuminated re.<l disk of the Moon. 
Whether tlie. pheuomcuon here alluded to is to be regarded 
as the effect ol physiological causes or of aberra- 

tion arising from the refrangibility and sphericity of the 
eye is still a subject of discussion between Arago 

and Plateau. The cases in which it is alhrmed that in an 
occuitation a disappeai-auce and a reappearance, and then 
again a disapiKsirance, have been seen, may very well indi- 
cate an outline of the moon accidciitally deformed by moun- 
tain precipices and deep chasms. 

The great differences visible in the reflected light in dif- 
ferent parts of the iJluminated lunar disk, and especially the 
irregulartiy of tlie line which separatt's the illuminated from 
the unilluminated portion of the disk in phases intermediate 
betwrjen new and full moon, gave occasion ta very early 
^mes to the formation of intelligent vieWs respecting 
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the inequalities of tlie surface of our satellite. Plutarch, 
in his small but very remarkable treatise on ^^the Face in tlu; 
Moorj/^ says expressly, that in the spots which wo see we 
may surmise the existence partly of deep clefts ami valleys, 
and partly of mountain summits wltich cast long shadows 
like Mount Athos, whose shadow' reaches to Lemnos^^ 

Tlie spots cover about two-fifths of the whole disk. Under 
fiivoiirahle circumstances of ti^ Moon's position aiid tlie 
state of the atmosphere, it is quite possible to distinguish 
with the naked eye the ridges of the Apennines, the dark 
wall-surrounded plain of Grimaldi, the detaclied Mare 
Crisium, and Tycho, with the mountain-ridges and craters 
crowded around it It has beeil said, not without 

probability, that it was in particular the aspect of the 
Apennine cliain which occasioned the Greeks tc regard 
the spots in the Moon as mountains, and, as has just been 
remarked, to refer in connection therewith to tlie shadow of 
Mount At lies, w’hicli, at the solstice, reached to the Brazen 
Cow in Lemnos. Another very fanciful opinion respecting 
the spots on the Moon was that of Agesianax, contestcil by 
Plutarch, according to which the iloou's disk w as supposed 
to rellcct back to us catoptrically, as in a mirror, the forms 
and outlines of our contiuents and of the outer (Atlantic) 
Sea/' An opinion quite similar to this seems to have con- 
tinued as a popular belief in Western Asia to the present 
day 

By the careful emjdoyment of large telescopes we liave 
gmdually succeeded in obtaining a topographical represen- 
tution of the Moon based on actual observation ; and, as in 
Opposition, the whole of one side of the Earth's satellite 
presents itself to our examination, we know' more of the 
VOL. m. 


X 
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gencrnl nncl simply superiieial ooufigiiration of the mountain- 
groups of tlu' Moon, tlmn we do of t!)e orography of the half 
of the Earth's surface, which comprises the interior of Asia 
anil Africa. Generally sjicaking, we regard the darker parts 
of the Mooti's disk as the plains and depressions, and the 
brighter parts, wliii li reilect most solar light, as the more ele- 
vated and mouiuaiiious pails. Keplerhs old denomination 
of seu and land lias long in en given uj) ; ftiul even licve- 
lius, notwithstanding the similar nomenclature to which he 
gave ciimmey, tilreudy doubted the cornalness of such an 
interpretation, and the truth of the contnisl it implied. The 
t’i re um stance that, on careful examination with very cliirerent 
iliumiteation, ail parts of llie so-called lunar ''seas'^ have 
shown Uiemselves com|)letely nnevmi, und because polyhedric, 
or full of ajighs, therefore giving much polarised light, 
lias been aiidneed as l>eing particularly at variance with the 
Svipposition of tlic j)resence of litjuid snrfat'cs* Arago has 
noticed, iiovvevi'r, in regard to this reasoning, that some of 
tlicse surfaces might, iiotwilhstmuling tlieir ine(|UiilitieSj 
bclowg to a tioi over-d(r‘p sea-botlom covered with water; 
since iu our own planet we lind that the uneven rocky bed 
of the ocean can be distinctly >e<m on looking down from a 
great height, because thr intensity of the light whicli ascends 
front !)V'h>u sur[iasses that of the liglit winch is radiated 
from tlie surface of the stra (Annuairc du Bureau dcs liOngi- 
tudes ])oiir p. In the forthcoming work 

of my friend — his '^Astronomy and Pliotometry^* — the pro- 
habie absence of water on the surface of our satellite will 
hit deducinl from other opticjvl reasons which we rlo not 
enter upo?i here. Of the low plains, the largest are in 
tlie northern and eastern parts of the Moon's disk. Among 
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tliein, the not very definitely bounded Ocean us Procelliirum has 
the greatest extent (90000 German geographical square milcs)^. 
In connection with the Marc Imbrium (16000 German 
square miles), the Marc Nuhium, and in some degree with the 
Marc llninorum, and inclosing insular highlands (the Ri- 
pha'an Mountains, Kejiler, Copernicus, and the Carpathians), 
tlie eastern darker portion of the Moon’s surface forms the 
most decided cont rast with the nlorc brightly beaming south- 
western region, in which mountain is crowded against moun- 
tain ('■**•*). In the north-western region there are two more 
detached uiul isolated basins — the Mare Crisium (3000 

ft 

(jenniiii gt'Ogrdphiad sfjiuire miles), and the Mare Tranquil- 
litatis (Tj^sOU such miles). ’ 

d'he colour of these so-called sca.s is not alwavs grey. 
The Marc Crisium has a grey tint inixtMl with dark green, 
and the Marc Screnitatis and Mare Ilumovuni arc likewise 
grccji. ]\h;ar llie Ilercynian Mountains, the isolated {)art 
inclosed within the eirciunvallatiou calhal Lichtenberg, has, 
on the other hand, a j>ale-r(d tint ; and so, also, has Talus 
Soimvii. Anmdar depressions without central mountains 
have most often a dark steel-grey tint verging towards 
bhiivh. The causes of the.^e dilTertail tints ot colour in 
tlie rocky or otlur le.s.s coherent substances forming the 
snrfaee, are exceedingly (‘uigmatical. 

A great wall-surrounded plain called i^iato (by llevelius, 
Laeus niger major), on the north of the Alps,’^ and still 
more, Grimaldi in tlie cf|uatori:d region, aiid Kudymion, near 
ll^e north-western margin, are the three darkest places in 
the whole lunar disk ; and the brightest all is Aristar- 
elms, of which, when it is on the portion of the iloon not 
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otherwise directly illnminated by the Sun, the iwints some- 
tjwes shine almost like stars. All these alternations of 
light and shade affect an iodized plate, and, with strong 
magnifying powers, are represented on Duguerreotv'pes with 
admirable tulelity. I possess myself such a light-picture of 
the Moon, of two inches’ diameter, in which the so-called 
seas and annular mountains are clearly recognised ; it was 
prepared by a distinguished*arfist, Mr. Whipple, of Boston. 

If, in some of the "seas” (Crisium, Serenitati.s, and llu- 
mornm) we are struck with the circular form, we ilnd the 
same repeiUed still more frequently, and indeed almost uni- 
versally, on the mountainous part of the Moon's disk, jiiir- 
ticularly in the ooMiguratiou of the enormous masses of 
mountain which till the southern hemispliore from the pole, 
nearly to the etjuator, where the mass terminates in a point. 
Many of the annular mountains and wall-surrounded plains 
(the largest containing, according to liohrmann, above a 
thousand square miles) form connected series rnnnhig in the 
direction of meridians, between 5"^ and 4-0'’ South latitude 
(584)^ The northern polar region contaitis comparatively 
a very small propojtion of these crowded mountain rings ; 
but between 20' and .oO® North latitude, near the wa;stern 
margin of the northern half of the Moon's disk, they form 
a connected gwup. 'I'he Mare Frigoris approaches to 
witliiu a few degrees of the North I’olc itself ; and thus 
this part, like the whole of the level north-eastern space, 
inclosing only a small number of isolated annular 
mountains, (Plato, Muirnn, Aristarchus, Copernicus, and 
Kepler), presents a great contrast to the more mountainous 
Southern Pole. Near the latter, lofty summits shine, in the 
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strictest sense of tlie words, througbout whole lunations 
ill perpetual light;” they are truly islands of light ” 
and can be recognised with very low magnifying pow'crs 

( 585 ). 

As exceptions to the generally prevailing lunar type of 
circular and annular forms, we lind, almost in the middle of 
the northern half of the Moon's disk, some true mountain- 
chains (Apennines, Caucasus, »and Alps). They range 
nearly from south to north, through almost 32*^ of latitude, 
in the form of a very flattened bow a little curved towards 
the west. Here we see countless mountain ridges, and 
some exceedingly pointed suminits crowded together. Only 
tt few annular mountains and crater-like*depressioiis (Conon, 
Hadley, and Calippus) are interspersed, and the whole re- 
sembles more nearly the conformation of our terrestrial 
mountain-chains. The lunar Alps, which are inferior in 
elevation to the lunar Caucasus and Apennines, present 
a remiirkablv broad cross vallcv, whicli intersects the chain 

« w 

ft 

from S.E. to N.W. It is suiTouiuled by summits which 
surpass in altitude the Peak of TejierilVc. 

A comparison between tlie elevations on the ]\roon and 
on the Earth, viewed relatively to the diaineters of the two 
bodies, gives the remarkable result, that while tlie satel- 
lite is four times less than the planet, its highest summits 
are only 600 toises (3837 Eng. feet) lower than the 
iiighest summits of the Earth ; so that the lunar mountains 
are of the Moon's diameter, and the terrestrial 

mountains of the Earth. Of the 1095 

elevations which hav^e been measured on the Moon, I find 
39 which ai’c higher than Mont Bluuc, and 6 above 1 8000 
Paris feet (19184- English). The measurements are mad« 
either by determining the distance, reckoned from the limit 
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between the bright and dark parts of the Moon, of the 
iljumiiinted luountaia summits appearing as points of light 
on the dark part, or by the length of tlie shiulows. The 
first method was that employed by Galileo, as is evidc?it 
from his letter to Pater Grienberger on tlie Montuosita della 
Luna, 

According to Mudler's careful determinations mride 
by measuring the lengths of the shadows, the culminating 
points of the AIoou near the sonthern margin, very near 
to the polo, are, in descending series Ddrfel and Leib- 
nitz, oSOO toist's (2i3thJ Lnglish feet); the annular moun- 
tain, Newton, whore a part of the deep excavation is never 
shone ujHm cither the light of the Sun or that of the 
Earth, 35(>1> toiscs (22S22 Eng, feet) ; Casalus, east of 
Newton, 35G9 toises (22822 Eng. feet) ; Calippus, in the 
Caucasus chain, 3190 toiscs (20100 Eng. feet) ; and the 
Apennines between 2800 and 3000 toises (17900 and 
19180 Eng. Icet), It must here be remarked, that, from 
the total want of a genenil zero line of level (a plane equi- 
distant from the centre of the body, like the surface of the 
sea in our own planet), the absolute heights arc not strictly 
iiitercomparable : the six numerical results given above 
express, properly speaking, only tl»e difl'enuiccs betwxen t ! c 
summits anfl the nearest plains or lo\v points It is 

certainly a striking circumstance that Galileo attributed to 
the highest roouiitmtis in the Moon an elevation of “iiiGirea 
miglia cjuatro” — about four geographical miles of 60 to 
the terrestrial equatorial degree, or 3800 toiaea, the height ac- 
tually assigned above to the lunar mountains Dorfcl and 
Lcibnit z. According to the hypsometric knowledge possessed 
by him, (Jalileo estimated this height as superior to that of 
any terrestrial mountain. 
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An exceedingly curious and enigmatical pliBcnomenon in 
the surface of our satellite, and one which seems to belofig 
to an optical effect ol luminous reflection, and not to a hyp- 
sometric difference, is jjresented by the narrow streaks of 
light which disappear in an oblique illumination, and, con- 
trary to the lunar spots, are most visible in the full moon. 
These streaks form radiating systems. They are not lines of 
mountains, they do not cast aav shadows, and they run in 
uniform intensity of liglit from the plains to elevations 
twelve or thirteen thousand feet and upwards. The most 
extensive of tliese radiating systems is that wliicli proceeds 
from Tycho, and in wliieh more tlian a liiimlred streaks of 
light, mostly of several inihis in brejidth, can be distin- 
guished. Similar systems, surrounding Mounts Aristarchus, 
Kepler, Copernicus, and the Car])athians, are almost all 
connected rvitli each other. It is diflicult to conjecture 
from analogy or induction what is tlie }):iiticalar alteration 
of surface which occasions these bright shining bands, 
radiating from particular annular mountains. 

The circular type — which we have already noticed as 
prevailing almost everywhere upon tlie Moon’s siiri’uce, (in 
the wall-surroviiuled plains which often inclose central 
mountains, and in the groat annular mountains and their 
craters, of which have been counted in Bayer, and 33 in 
Albutegnius, crowded closely together) — gave occasion to 
the profound thinker, llobert Hooke, to seek for the cause 
of this phenomenon in the reaction of the interior of tlie 
Moon against its exterior ; or, as he expressed it, as " the 
effect of subterranean fires and elastic vapours breaking 
forth even to ebullition, sending up to the surface bubbles 
or blisters." Exiierimeuts by boiling tliick calcareous solu- 
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tions appcHfotl to him to confirm his view ; and the circum- 
Vfdlations witli their central mountains were comjjared by 
him to •• file forms of Etna, the Peak of Tenerifie, Heeln, 
and the volcanoes of Mexico described by Gage” (s*^**). 

Galileo, as he himself relates, had been reminded, by a 
circular wuU-surrounded plain in the Moon (probably from 
its magnitude), ()f the configuration of entire countries sur- 
rounded by mountains. I lia\ e found a passage in wlikli 
he compares these lunar forms with tlie great closed basin of 
Bohemia. In fact, several of the circular wall-surrounded 
pifuns of tire Mtmn are but little less extensive, for they have 
diameters of from 25 to 30 German geographical miles 
(100 to 120 Engli.slt)(*^). On the other hand, the proix-r 
annular or ring mountains scarcely exceed 2 or 3 Gennan 
(8 to 12 Eng.) geographical miles in diameter. Conou in 
the Ajreuuiues is 8 English geographical miles across ; and a 
crater belonging to the brightly shining district of Aristar- 
chus has even a diameter of only 400 toises (or about 450 
yards), just half the breadth of the crater of Iluchu-Piehiuciiii 
in the mountains of Quito, measured trigonometrically by 
myself. 

As we are here dwelling on comparisons with well-known 
terre-strial phienomena and dimensions, it is the proper place 
to remark that in this view the greater part of the wall- 
surrounded plains and annular mountaiius of the Moon may 
be most directly rc!garded as " craters of elevation, without 
continuous phiEnoraena of eruption,” in the sense of Leojmld 
von Buell’s geological hypothesis. Wlmt, according to tlie 
European standard, is colled large on the terrestrial surface 
— the craters of elevation of Kocca Moidina, Palma, Tcne- 
riffe, and Santorin---«i|^ indeed altogether inconsiderable as 
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compared with Ptolemy, Hipparchus, and many otlier lunar 
forms. In breadth, Palma is only 3800 toises (2i300 Eng, 
feet) ; Santoria, according to Captain Graveses recent deter- 
mination, 5200 toises (33250 Eng. feet) ; and Teneriffe, at 
the utmost, 7000 toises (48000 Eng. feet), or only |th or 
-^th of the breadths of the two above-named lunar craters. 
The small craters of the Peak of Tenerille and Vesuvius 
(little more than three or four Imndrcd feet in diameter) 
would hardly be discernible through telescopes. In by far 
the greater number of cases the annular inountains are 
destitute of any central mount; and, wiiere such exist, 
they are described as dome-shaped or flattened (us Ilevelius 
and Macrobius), not as cones of eruption with openings 
I here mention, solely on account of the historical 
interest wdiich may attach to tliem, the accounts given of the 
burning volcanoes supposed to have been seen on the dark 
side of the Moon on tlie 1th of May, 17 S3, and the lumi- 
nous appearances in Plato observed by liiunchini (ICth 
Aug. 1725) and by Short (22d April, 1751). The causes 
of the ilhision have long since been ascertained. They 
belong to the more vivid earth-light reflected by particular 
|)ortions of the surface of our planet upon the dark side of 
the Moon 

It has been remarked, and doubtless with mucli reason, 
tliat, from the absence of water on the moon — (the rills,’' 
which are very narrow, and in most cases rectilinear 
depressions are not rivers) — we may imagine its sur- 

face to bear a general resemblance to that of the Eartli in 
its primitive or more ancient condition, before the deposit 
of shelly sedimentary strata, or the formation, transporta- 
tion, and distribution of alluvium by tbe continued actiou 

X 2 
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of tides and cumnits. (The absence of seas in the Moon 
forbids tiie supposition of tides raised bv the Sun and 
Earth.) The most that we can suppose would be small de* 
|)osits of detritus resulting from friction. In our moun- 
tain-chains upheavod over fissures, wc arc also gradually 
beginning to recognist? here atid there partial groupings of 
elevations, forming, as it were, egg-slraped basins. How 
entirtdy ditliTcnt would the Earth’s surface appear to us, if 
we saw it stripped of the sediineutary and tertiary forma- 
tions, and of ail alluvial deposits ! 

The Jloon, far more than ;ill the other planetary bodies, 
diversities and enlivens flie a.spect of tlie lirmninent in every 
zone by its varying*pliases and more rapid elmnge of j)Osi- 
tion relatively to tlic fixed stars j wliilc man, and even the 
bcastvS of the forest {^^*} (especially in the primeval forests 
of the torrid zone), rejoice in its mild lustre. By the attracting 
force wliich it exerts in eonjunetion with the Sun it commu- 
nicates motion to our seas, and, by the jieriodical raising of 
their surfaces and tlic eroding action of the tides, gradmdly 
modifies the outlines of our coasts, impedes or favours man’s 
labours, and funnslies tlie greater ])art of the materials of 
■which sandstones and conglomerates arc composed, these last 
being again covered in their turn by tlic loose rounded particles 
which form alluvium f®'-'®). Thus the Moon, as one of the 
" sources of movement” on the terrestrial surface, iuflueiiccs 
continually the geognostic features of our planet. 

The incontestible action (**>*’) of our satellite on atmo- 
spheric pressure, acpieous precipitations, sind the dispersion 
of clouds, will be treated of in the latter and purely telluric 
portion of the CoeinoB. 
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Mar^, 

The diameter of this planet is 892 GermuiL or 35 CB 
English ge>ograj)hical miles, (being only 0*519 of theEarth^s 
diameter, notwithstanditig its considertibly greater solar 
distance), The excentricity of its orbit is 0‘09321G8; 
being, rn^xt to that of Mercury, the greatest among the 
old planets. Tin's circumstaiux^, together with its proxi- 
mity to the Earth, rendered it the best adapted to lead to 
Ke])ler^s great discovery of the elliptic orbits of the pla- 
nets. The rotation of Mars is, according to Miidler 
and \Mlhelin lleer, 24- hours; 37 minutes, and 23 seconds. 
^J'hc sid<Teal ])eriod of i\*volution round the Sun is 1 year, 
321 liars, 17 liours, 30 minutes, 41 seconds. Tlu; inclitia- 
tion of the orbit of IMars to the terrestrial E(puitor is 24^ 
44' 24"; tlic mass of the planet density, 

in comparison with that of the Earth, U*958. As the great 
a])pn)ximation of Kneke's comet was made use of for in- 
vestigating tlie mass of Mercury, so the mass of Mars will 
soino day he ascertained wdth greater acciirnev by the per- 
turbations which it may cause in the movements of Ec 
Vico's comet. 

Tlie compression of the planet Mar? at its poles, which, 
singularly enoiigli, w’as always doubted by tlu‘ great astro- 
nomer of Konigsberg, was first recognised by M'illiimi 
llerscliel in 1781. In respect to the amount of the ellip- 
ticity, however, uncertainty long prevailed. William Her- 
schel gave it ns according to Anvgo's more exact 
measurement with a prismatic telescope of Ilochon, 
it would be much less ; iu 1S2 1 he found it as 1S9 : 194, 

twt } Ifdcr measurement ill 1847, it wasfotind 

3 T‘ Arago, however^ is inclined to believe that the com- 
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pressioB is somewhat greater than either of the two last- 
named quantities. 

If fhe study of the surface of the Moon reminds us of 
many gcognostical relations in the surface of (xir own )3lanet, 
the analogies with the Earth which Mars presents are, on the 
other hand, entirelv of u meteorological kind. Ou the disk 
of Mars (besides the dark spots, of whfth some are 
blackish, others — very few- in number, however — orange 
and surrounded by what are called 
of the contrasted colour, green) at the two poles of 
the axis of rotation, or it may be at the poles of 
cold in their viciinty, are two white snow -bright patches 
These were •noticed as early as 1716 by Philip 
Maraldi ; but their connection with climatic variatiems in 
the planet was first described by the elder Ilerschelin 178 4, 
in the 74ith volume of the Philosophical Transactions. The 
white spots become alternately larger or smaller as tlie pole 
approaches its winter or its summer. Arago has measured 
with lus polariscope the intensity of the liglit of these snowy 
zones, and has found it twice as great as that of the light of 
the remainder of the disk. The ^VPhysico-astronomical 
CJontributions^' of Madler and Beer contain some excellent 
graphical reprevsentations of the northern and southern 
hemispheres of Mars, in which this remarkable phieiio- 
meuon, unique so far as our knowledge extends in the entire 
planetary system, is shown in its relations of measure, in all 
the variations through which it passes under the influence 
of the change of seasons and the powerful action of the 
polar summer in melting the snow. Careful observations 
continued for ten years have also tauglit us that the dark 
spots of Mars retain constantly both their forms and tlieir 
relative positions on the planet. The periodical enlarge- 
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ment of the snowy districts,— being a meteorological phasno- 
menon implying acpieous precipitations dependent, 
respects their character, on changes of temperature, — and 
some optical phenomena presented by tlic dark spots when 
the rotation of the planet brings them to the margin of the 
disk, render the existence of an atmosphere of Mars more 
tlian probablfe 


The Small Planets. 

In the general considerations planetary 

bodies, we liave alrciady designated the group of the small 
planets (Asteroids, Planetoids, Coplant^s, or telescopic or 
nltni-zodiacal planets) intermediate between Mars and 
Juj)iter as a middle fft oup, forming in some degree a 
diridinej zone, separating the solar domain into an inner 
and an outer portion — tlie one comprising the four interior 
planets. Mercury, Venus, Earth, and Mars; and the other the 
four exterior planets, .Jupiter, Saturn, Uranus, and Neptune. 
This middle group has a highly distinct character of its own, 
in the intricate or intersecting, highly inclined, and very 
exccntric orbits of the planets of w Inch it consists ; and 
also in their extraordinary smallness, as the diameter even of 
Vesta does not appear to equal the fourth part of that of 
Mercury. When the first volume of Kosrnos appeared in 
Germany in lf?45, only t of the snndl planets — Ceres, 
Pallas, Juno, and Vesta, discovered by Piazzi, Olbers, and 
Harding (1st Jan. 1801 to 29th March, 1807) — were 
known to us. At the present luomcnt (.July 18.ol) the 
number has increased to 14*, being one-third of the number 
of all the known planetary bodies — i, e. 43 primaiy' planets 
and satellites. 
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WithiTi the aolar domain, the attention of obsen^ers was 
long directed to the augmentation of the inemb(?rs of j)ar- 
tial systems ^the moons or satellites revolving around the 
primarv planets), atid to the discovery of new planets in the 
remote regions beyond Saturn and Umiiiis, Since the acci- 
dental discovery of Ceres by Fiai^zi, and more espt*cialiy since 
the systematically-planned discovery of Astrajaby Ilencke, as 
well as since the great improrerneiit in star-maps (^^‘*) (those 
of the Berlin Academy contain all stars of the Otli and man\' 
of the loth magnitude), there is opeued to astronomical 
activity in a nearer region of the Universe, a rich ami 
perhaps almost inexhaustible field of research* It is a dis- 
tinguishing merit of fhe Astronomical Jalirbnch or Almanac, 
published in my paternal city by Eneke, Director of the 
Berlin Astronomietd Observator}", with the co-operation of 
Dr. Wolfers, that the Ephemerides of the increasing 
host of the siimll planets are treated in it with 
peculiar fulness. Hitherto the region nearest to the orbit 
of Mars appears the most fully occui>ied; but already 
^Mlie breadth of the e:*ntire zone, as given by the diife- 
rence between llie Iladii Vectores of the nearest peri- 
helion (Victoria), and of the farthest aplielion (ilygoia), 
considerably exceeds the distance of Mars from the Sun’' 

( 605 )^ 

I have already noticed the large amount of the ex- 
ceiitricity of the orbits of the small planets — of which the 
are those of Ceres, Bgeria, and Vesta, and the greatest 
those of Jiino, Pallas, ami Iris — as well as the inclinations 
of the orbits to the Ecliptic, ranging from Pallas 
and Egf^r^a IC^ SiV, to Hygeia 3^ 47'. 1 here subjoin a 

tabular view of the elements of the small planets, for whicl) 
I am indebted to my friend Dr. Galle. 
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E Bignific^s the Epoeh of the iiican loncitude in meftu Berlin tiaic ; I., the mean longitude in the orbit ; ir, the longi- 
tude of the peHhcUon ; H, the longitude of the nwvmling node; i, the inelinatum of the orbit to the KdipUc ; ^ the 
mean daily sidereal inotiuu ; a, the seinininjor axia ; e, the exeentneily in jiarta oi the eoui i-axis ; I , the sjdcreai 
period of revolution in days. The longitudes n'fcr to the erjuiuox of the epoch. 
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The inutnal relations of the orbits of tiio asteroids and 
tlie. combinations of the orbits have formed the subject of 
ingenious investigations, first (1848) by Gontd (‘"'*7), and 
quite recently by D’ Arrest. The latter says “ it ap- 
pears to testify in favour of a real or inherent connection 
between all the members of the entire group of the small 
planets, that, if we figure to onrsel\ es the natural dimen- 
sions of their orbits as formiftg actual material rings, these 
rings are all so interlinked, that, by taking hold of any one, 
all the others would be lifted by or found .suspended on it. 
If Iris, discovered by Hind in August 1817, hud accidental ly 
remained unknown to us — asdoubtles.s is still the ease with 
many other planctnfy bodies in that region — the group 
would consist of two separate jKirts : — a circumstance which 
must ajipcar the more unexpected, because tin: zone of the 
solar system occupied by these planets is a wide one.” 

We cannot take our leave of tliis wonderful ami nume- 
rous planetary grouj>, without alluding, even in this frag- 
mentary dt:^fcription of the several members of tlie solar 
system, to the hold views of a highly-gifted and deeply 
investigating astronomer, re.s[)ecting the origin of the aste- 
roids and their mutually intersecting orbits. A result 
derived from Gauss's calculations —that Ceres, in her ascend- 
ing passage through the plane of the orbit of Fallas, conies 
exceedingly near the latter planet — led 01 bers to con jecture, 
that " {Kissibly tliesc two planets uiiglit be fragments of a 
single large planet formerly occupying the wide interval 
between Mars and Jupiter, but since destroyed by some 
natural force or catastrophe ; ami that we might expect to 
discover in the same region more such fragments describing 
an elliptic orbit round the Sun” (^<*9). 
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The possibility of delerinining by calculation, even ap- 
proximately, the probable epoch of such u cosinical everit^ 
which should also be that of the origin of the small planets, 
is more than doubtful, seeing the complications arising 
from the great number of the supposed “ fragments'^ with 
which we are already acquainted, the secular retrogressions 
of the apsides, and the movement of the nodal lines (*'°). 
Olbers marked the region of tljc nodal line of the orbits of 
Ceres and Pallas as corresponding to the northern wing of 
Virgo and to the constellation of Cetus. In the last-named 
constellation, scarcely two years later, Juno was tbscovered 
by Harding — accidentally, however — in the course of the 
construction of a star catalogue : in the former, after a long 
live years' stnu'ch directed by the hypothesis, Olbers himself 
discovered Vesta. This is not the place for deciding whether 
Itiese two results, standing by themselves, are sufficient to 
support the hypot hesis. The cometary mists or nebulosities, 
in which the small planets were at first imagiued to be enve- 
loped, liave disappeared before tlie examinations made with 
more perfect instruments. Olbers attributc<l the conside- 
rable alterations of iiglit to w hicli these planets were supposed 
to be subject, to their irregular figure as “fragments of a 
disrupted planet” ('""). 


Jupiter. 

Jupiter’s mean distance from the Sun is 5‘202767 in 
parts of the Earth’s mean solar distance. The true mean 
diameter of this largest of all the planets is German, 

or 77170 English geographical miles, — ecjual, therefore, to 
ll“255 diameters of the Earth, and about ‘th more than 
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the diameter of the remoter Saturn, The sidereal revolu* 
tiou of Jupiter round tlio Sun is jMjrformcd in I I years, 
311 days, iO hours, 2 minutes, and 7 seconds. The ellip- 
ticity of its tigure or compression at the |ioles, according to 
the prismatic niicroinetcr incasnremcnts of Arago, the 
resxdt of wliich was transferred in 18’21- into the Exposition 
du SysU me dll Monde (p. 3S), is as 1G7 : 177, or-jiy; 
which agrees very nearly with the later investigations {1839} 
of Beer and Miidlcr i*’’-), wlio found it lictwcen Yand rrl • 
Hansen and Sir Jolin llerschel prefer The earliest 
observation of Jupiter’s ellijiticily by Itominicpie Cassini was 
prior to the year ItiOG, as 1 luive tdready recalled elsewhere. 
This ciroumstanee Ims a peculiar historical interest, from flic 
iulluenco wide!), as has bwii acutely remarked bv Sir David 
Brewster, it may have exercised on Newton’s ideas respect- 
ing the figure of' the Earth. Tlic Frincipia I’hilosophiic 
Naturalis seems to afford indications favourable to such a 
8Up])osition ; but the dates at which the Frincijda and Cas- 
sini’s observations of the eipiatorial and j)olur diameters of 
Jupiter were resjKctively published, might occa-sion some 
chronological donbls on the subject 

As the mass of Jupiter is, next to the mass of the Sun, the 
mo.st imjxirtant element in the whole of onr planetary system, 
its more exact dctermimition in n'cent times by Airy (1831 ), 
by means of the |K*rt urbations of Juno .and Vesta, as well 
as by the elongation of Jupiter’s satellites, especially tlie 
till must be regarded as one of the advances in 

calculating astronomy most fruitful in consef|ueuccs. The 
effect of the corrections obtained is to augment the mass 
of J upiliT, and to diminish that of Mercury. The mass of 
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Jupiter, including his four satellites, as now known to u.s, 
is -p-i-?TTr!ri whilst in 182 J Laphice still considered .it 

The rotation of Jupiter is performed, according to Airy, 
in 9'*, 55®, 21'-3, mean, solar time. Dominique Cassini, in 
1665, had found it to be between 9^‘ .55® and 9*' 50'", by 
means of a spot which continued to be visible on the disk 
of the planet for several years,* and even as late as 1691, 
preserving always the same colour and outline The 

spots seen on Jupiter are, in most cases, darker than the 
streaks or bauds called Jupiter's belts. They do not, how- 
ever, appear to belong to the actual surface of the planet ; 
for it has occasionally been fotind that Some spots, near the 
poles more particularly, gave a ditlVrent time of rotation 
from that given by others in the equatorial regions. Ac- 
cording to a very experienced observer — Heinrich Schwabe, 
at Dessau — the dark, more detinitely bounded, spots in the 
two grey belts bordering the Equator have been seen for 
several successive vears exclusively in one of the belts onlv, 
at one time in the southern, and at another in the northern 
belt. The process of formation of these spots is therefore 
subject to change in respect of place. Occasionally (it was 
so, according toSchwabe’s observations, in November lS3i) 
the spots of Juiiitcr, viewed with a magnifying power of 280 
in a Fraunhofer's telescope, resemble small spots on the Sun 
having nuclei surrounded by penumbras; but even then 
their degree of blackness is less than that of the shadows 
of the satellites. The nucleus is probably a part of the 
body of the planet itself ; and when the atmospheric opening 
through which it is seen maintains its place above the same 
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point, the motion of the spots gives the true time of rota- 
tion. These spots sometimes divide into two ojt- more, also 
resembling in this respect the sj)o(s of the Sun, ivs was 
already recognised by Dominique Cassini in 16G5. 

In the tujuatorial zone of Jupiter there arc two broad prin- 
cipal bands or belts of a grey or greyish-brown colour, winch 
become paler towards the edges, and gradually fade awuy 
altogether. Their boundarfes arevmy uiiefjual and variable, 
and they are separated from each other by au intermediate 
quite bright equatorial streak. Towunls both ])oles, also, 
the entire surface is covered with many narrower, paler, 
often interrupted, and even delicately-branched streaks or 
bands, always paniHel to the Equator. These phanio- 
mena/^ says iSrago, arc most easily explained by the 
hypothesis of an atmosphere partirdly obscured by stmta of 
clouds, but w hich, in zones adjacent to the Equator, is freed 
from obscuring vajamrs, amt rendered diajjhanous — jrrobably 
by the cth.^ctof trade-winds. Since (as was already nssunu vl 
by^Villiam Ilerschel, in a memoir wliteh appeared in ITU-b 
in the 53d volume of the Philosopliical Tnnisa(?(ioiis} tlie 
surface of clouds reflects a more iidense light than the sur- 
face of tlie planet itself, so the part of the surface which we 
sec througli the clear air must app<^n darker than the cloudy 
strata which reflect much light. Therefore, grey (or dark) and 
bright bands alternate with each other : when the visual ray 
from the eye of the observer is directed at small angles 
obliquely towards the margin of the planet, the grey bands 
are seen through a more considerable and tliickor mass of 
atDiospheric strata, reflecting a greater quantity of liglib 
and appear less dark us they recede from the centre towards 
the margin'^ (^*7). 
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SaieUifes of Jtjpitcr, 

At tliP brilliant epoch of Galileo, the just view was already 
pro|>ounde(b that the subordinate system of JupiUT pre- 
sented, ill regard to many relations of time and space, an 
image or picture, on a smaller scale, of the entire solar or 
plaiieturv system. This view, wliicli then spread rapidly, 
together with (he discovery of the phases of Venus wliich 
i'ullowed soon afterwards (Febru try 1610), contributed much 
io proinot(! tlie more general reception of the Co{)ernican 
system. The four satellites of Jiipifer are the only group 
of satellites belonging to the outer planets which has not 
rcceivird any auginentation since tlic ejKieli of its first disco- 
very (by vSimou Marius, on the 2f)th of December, 
1609), a period of nearly two centuries and a half. 

The following Table contains, according to Hansen, the 
sidiTcal jicriods of revolution of .lupit(T"s satellites, their 
mean distances expressed in semi-diumeters of the central 
pluiiL-t, and the mass of each in parts of the mass of Jupiter : — 
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If i r«T'TT'a expresses the mass of Jupiter, together mth 
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lii» satellites, the mass of the planet alone, without the satel- 
lites, is tt; TF t)n!y about less. 

Comparisons of magnitude, distance, and cxccutricity, 
with tile satelliles of other planets or systems, Imve already 
been given in an earlier part of the present volume (p. 338 
to 310), The intensity of the light of the four satellites 
of Jupiter is not proportional to their vohimc; for, gene* 
rally speaking, the 3d juuI llic 1st, the ratio of whose insijnii- 
tudes according to their diameters is as 8 : 5, aj>pcar ilic 
briglitest, and the 2ci, which is the smallest and densest of 
the sifteliite*s, is nsualiy hriglitor tlian the h.irger Ith, which 
is considt^red tlie faintest of alL Casual or temporary tluc- 
tuations in the int^wisity of light of the satellites, which have 
also been nanarked, have been ascribed sometimes to ahe- 
ratioMS in tln ir surfaces, and sometimes to obscurations in 
their {itmosphercs Tiicy, however, tdl appear to rc- 

llcct a more intense light than the central planet 
IVhen the Karth is b(‘iwe<‘n fhipiter and the Hnn, and the 
sateliites, therefore*, in their movement from east to west, 
appar to Oder the eastern margin of Jnpitrr, and, passing 
in fn/nt of the planeCs disk, successively cover, to our eyes, 
differoiii porlioiis of it, they can be recugnised in their 
passage, even wirh not very high maginfving j)owers, as tluw 
detach tlH fnse!v(*s in l)right’^ from the ilisk. It l)ccornes 
more diiiicuh. to distirtguish the satellites as they a[iproaeii 
the centre of the planet’s disk. From this eMrly*oh.serv<'!! 
phamomcnon. Pound, Newton’s and liradley’s friend, ha<l 
already inferre<l tijftt the disk of Jupiter is less l)rigld 
tow ards tlie margin than at the centre. Amgo believes that 
this statement, whicli has beren repealed by Messier, pre- 
sents ditlicuUics which reijnire to be solved by new mid mere 
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delicate observations. Jupiter has been seen without any 
of his satellites by Molyneux, in November 1681 ; })y Sir 
AVilliam lltTschel on the 23d of May, 1802 ; and lastly by 
Gricslxioli, oil the 27th of September, 1813. Such a non- 
visibility of the sat(dli<es refers, however, only to the space 
external to tlie planet’s disk,- and do^s not opj)Ose the 
theorem that all the four satellites can never lie eclipsed or 
occulted at the same time. 

SatuvN. 

The sidereal or true period of revolution of Saturn is 
years, 100 days, 23 lioiirs, 10 ininutcs, and 32 seconds, 
lis mean diameter is 15507 (iennan, or 0202S English geo* 
graphical mil<^s, eciual to 9'022 diameters of ilie Earth. The 
tiiiie of rotation of Saturn^ derived from observations of 
suuie dark sj)(>ts (knot -like tliiekenings or condeTisatious of 
the streaks) is 10 hours, 29 minutes, 17 s«'conds. To 

this great veloeiiy (.f rotation round the axis there corre- 
sponils a griait ca.>nipre-sion at the poles; this eoinpression 
^\as detenniacd by \A illiam llerscln l, in 1770, at 
Eessel, fjom observatioms more aceordanl with each other 
uiid eoiitinued f(*r luree yeuis, found, at tiie mean distance 
ol tlie planet from the Earth, the jnhar diameter 15 *381, 
and the e<|ualorial diameter 17''d)53; giving an ellipiieitv 
or eoinpression of do .■ Saturn has rdso bands or 

belts, but less ruarkcii and somewhat broader than those of 
Jn|)iter. The most eonstanl is a grey etjuatorial baud ; this 

fulloued by severvd others, which, luAVever, have varying 
banns, iiulicating an atmospheric origin. William Ilerschel 
buuid that they were not always parallel to the ring ] aud 
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they do not extend to the poles. The parts of the disk 
adjacent to the poles present a very reniarhable pluenomenon, 
consisting in a vari:»tion in the reflected light, dependent 
on tlie seasons of the year in Siiturn. The polar regions 
sliine more brightly in their respective winters, — a phieno- 
roenon which reminds us of the varying snoyvy regions of 
Mars, — and which <lid not escape the keen -sighted ness of 
AN’illiam llerschel. Whether this increased luminous inten- 
sity may arise frtnn the temporary formation of snow and ice, 
or wlietlier it mav be attributed to an extraordinary- accumn- 
1‘cition of cloiu].'?, it would otpallv indicate effects produced 
by eiuinges of teinj)crature aud tbo presence of an atmo- 
sphere 

We have already stated the mass of Sat urn to be -rrriT : 
from this amount, and from its gmd comparative volume 
(its diameter is -} of that of Jupiter), we infer a very small 
degree of tlensitv, diminishing towards the surface. If the 
density, (which is of the density of water), were homo- 
geneous throughout, the compression at the poles would be 
still greater tlian it is observed to b(\ 

Tliis planet is surrounded in the plane of its equator by 
* at least two detached exceedingly thin rings, situated in one 
and the same plane: they have a greater intensity of light 
than the planet itself, and the outer ring is brighter than 
the inner one The division of wliat had been recog- 

nised, ill 1655, by Huygens, as a single ring was seen, 
indeed, as early as 1675 by Dominique Cassini, but was 
first described with exactness by William Herschel (1789 — 
1792). tJince they w ere first remarked by Short, finer lines 
%r divisions in the outer ring have been repeatedly obsen'ed; 
but these lines or streaks have never appeared vccy constant* 
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Very recently, in the latter months of 1850, Bond, at Cani- 
hridge, U.S., on the 11th of November, with the great 
refractor of Merz having a 14-inch object-glass, and Dawes,* 
at Maidstone, in England, on the 25th of November, — there- 
fore almost simultaneously, — discovered between the second, 
(hitherto called the inner) ring, and the planet itself, a third 
very faintly illuminated, jdarker ring. It is divided from 
the second ring by a black line, ayd fills uj) a third part of 
the space intervening betwt*en the second ring and the 
[>ianet, wliich has hitherto been sujtposed to be vacant, and 
through which Derliam thought lie had seen small stars. 

The dimensions of the divified ring of Saturn have been 
determined by Bessel and Struve. According to Struve, 
the angle subtended by the external diameter of the outer- 
most ring, at Saturn’s mean distance, is 40"‘09, — equal to 
38300 German, or 153200 English, geographical miles; — 
and the angle subtended by the internal diameter of the same 
ring is 3r)"’29, — equal to 337 00 German, or 134800 English, 
geographical miles. The. external diameter of the second 
ring has been determined at 34”’47 ; and its internal 
diameter at 26"-67. The interval which separates the last- 
named ring from the surface of the planet is given by 
Struve at 4"' 34. The entire Vucudth of the first and second 
ring is 3700 German, or 14800 English, geographical 
miles ; the distance of the ring from the surface of Satirm 
is about 5000 German, or 20000 English, geograpliical 
miles ; the gap which .separates the first and second rings, 
and which is indicated by the blacik line of division seen by 
Dominique Cassini, is only 390 German, or 1560 English, 
geographical miles. The thickness of these rings is be- 
lieved not to exceed 20 German, or SO English, geogra- 
voT.. in. X 
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phical miles. The ma.ss of the rings is, according to Bessel, 
ttt of the mass of Saturn. They present some (***) in- 
wjualities, by means of which it lias been possible to observe 
approximately their time of rotation, which is exactly ecjual 
to that of the planet. Irregularities of form shew them- 
selves in the “ disapiiearanccs of the ring,” when one of the 
ansc.s usually becomes invisible sooner than the other. 

The excentric position of Saturn in respect to its ring, 
discovered by Schwabe, at Dessau, in September 1827, is a 
very remarkable pluenomeuon. The body of the planet is a 
little to the west of the jilace which it would occupy if it 
were truly concentric with tlie surrounding ring. This ob- 
servation has been couUrmed by Harding, Struve John 
Herschcl, and South (jiartly by micromctric measurements). 
Small, apparently jicritKlical, ditferenccs in the amount of 
tlic exccntricity, which have hecn found from series of cor- 
responding observations by Schwabe, Harding, and de Vico 
at Rome, are perhaps due to oscillations of the centre of 
gravity of the ring round the centre of the’ planet. It is a 
curious and striking circumstance, tliat so early as the end 
of the 17th century, an ecclesia.stic of Avignon, Gallet, 
attempted without success to call the attention of the 
astronomers of tliat {leriod to the cxcentric position of 
Saturn With a density diminishing towards the sur- 

face, and so exceedingly small, — perhaps scarcely 4 of that 
of water, — it is difficult to make to ourselves any represen- 
tation of tlic molecular state, or material quality or consti- 
tution of the body of the planet ; or even to decide whether 
this constitution should actually suppose tluidity (i. c. mo- 
bility of the smallest particles inler «c), or rigidity, (accord- 
ing to the often adduced analogies of deal, pumice, cork, or 
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a solidified fluid, as ice). The astronomer of Krusenstern^a 
expedition, Horner, terms the ring of Saturn a series of 
clouds ; and would make the inounUiius of Saturn to consist 
of masses and vf^sicles of vapour (®28). Conjectural astro- 
nomy has here a wide and legitimate field in which to exer- 
cise itself freely. Of a wholly different kind are the severer 
speculations, based on observation and on aiudytical calculus, 
of two distinguished American astronomers. Bond and 
Pierce, respecting the ijossibility of the “stability' of 
Saturn’s ring(®2®j. They both agree in pronouncing in 
I’avour of a stale of lluiility, at^l also in favour of a continual 
variability of form and of divisibility in (lie outer ring. The 
mainletiancc of the general configuration is regarded by 
Pierce as dependent on the influence and position of the 
satellites, as witiiout this dependence, even admitting iu- 
e^uuliiies in the ring, the ctjuilibriuin could not be preserved. 


Sateliifi’s of Saturn. 


The. five oldest, or longest known, satellites of Saturn, 
were discovered between the years 1055 and lOSd ('fitau, 
the sixth in distance, by Huygens, and four by Cassini, viz. 
Japetus, the outermost of all, Rhea, Tethys, aud Hione). 
These discoveries were followed, in 17 S9, by tbat of the two 
satellites nearest to the primary planet (Mimas and Ence- 
ladus), by Willi.'un Herschel. Lastly, the 7tb satellite, 
Hyperion, the last but one in point of distance, was tUsco- 
vered in September, 1848, almost simultaneously, by llond, 
at Cambridge, U.S., aud by Lassell, at Liveriwol. I have 
hefore treated in this work (Kosmos, Bd. i. B. 102, and 
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iii. S. 468 ; English edit. Vol. i. p. 89, and VoL iii. 
,p. 340) of the relative magnitudes and distances in this 
system of satellites. The periods of revolution and mean 
distances, tin; latter exj)ressed in part.s of the equatorial 
.scini-diaineler of Saturn, according to the ohscrx’atioiis 
of Sir John Mcrschi'l at the Cape of Good iIope(®'*®) 
between 1835 and 1837, are as follows: — 
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Between the four first or nearest satellites, we find a re- 
markable relation in the cominensurability of their periods 
of revolution. Ths period of the 3d satellite (Tethvs), is 
double that of the Ist (Mimas) ; and lliat of the 1th siitel- 
lite (Dione), is double tliat of the 2d (Enceladus). The 
exactness of these proportions amounts to -j-i-a- of the longer 
periods. This r®ult, wliich has not been much attended to, 
^was communicated to me as early as Kovember 1845, in 
letters from Sir John Ilerschel. The four satellites of Ju- 
pib’-r shew also a certain degree of regularity in their dlis- 
tances, the intervals between them presenting with tolerable 
approximation the series 3, 6, 12. 'J'he 2d satellite is di-“* 


POUTION OV THE COSMOS. — THE PLANETS. 387 

tai)t froBi the 1st 3'6 ; the 3d from the 2d .'5*7 ; and the 
4th from the 3d 11*6 semi-diameters of Jupiter. Fries and 
Challis have attemjjted to shew that the so-called law of 
Titius prevails in all the systems of satellites, even in that 
of Uranus («3‘). 


Uranus. 

The recognition of the existence of this planet, the great dis- 
covery of Wiilium Ucrsdiel, not only augmented for the first 
time tl)e number of those six planets which had for thousands 
of years been known to man, and more than doubled the dia- 
meter of the solar domain ; it also led, at the end of G5 years, 
by means of tlic })erturbations sustained by Uranus proceeding 
from still more distant regions, to the discovery of Xeptune. 
Uranus was discovered accidentally (March 13, 1781) 
during the exami nation of a simill group of stars in Gemini, 
and was rccogniscrl by means of its minute disk, which, 
under tlie successive employment of magnifying powers of 
460 and 032, increased much more than did other stars in 
its vicinity. The keen-sighted and sagacious vliscovcrer, so 
familiar with all optical pliamomena, also remarked, that 
with increased magnifying powers the intensity of light in 
the new body decreased considerably ; whilst in fixed stars 
of erpial magnitude (between the (3th and 7th) it remained 
the same. 

Herschel termed Uranus, when he first announced its 
existence a comet ; and the united labours of Saxon, 
Lt'xell, Laplace, and M^chain, which were greatly facilitated 
hy the discovery made by the meritorious Bode, in 1784, 
of older observations of that body by Tobias Mayer, iu 1766, 
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and by Flamstead, i» 1600, established with admirable 
promptitude the elliptical orbit and all (he planetary dements 
of Uranus. Its meitit distance from the Sun is, according to 
Hansen, 19‘1S239 distances of the Earth from the San, or 
396{^ millions of geographical miles (1586 millions £n§^ish 
geographical miles) ; its sidereal period of revolution is SI 
years, 5 days, 19 hours, 41 minutes, and 36 seconds.; its 
inclination to the ecliptic O^ IG' 28"; and its apparent diamctei 
at its mean distance from the Earth 9"*9. Its mass, wdiich the 
first observations of its satellites had given at-prsT?* is derived, 
by Lament’s observations, as only -yr^n- • according to 
this, its density would be iptennediate between those of 
Jupiter and Saturn Ellipticity of figure, or com- 

pression at the poles, of Uranus, was suspected by William 
Kerschel from observations iu which he employed magni- 
fying powers from SfiO to 2400 ; according to Madler's 
measurements, in llic years 18-12 and 1843, its amount 
would seem to fall beiw’een and ^ r, {^^*). That the at 
first supposed two rings of Unimis were merely the efleet uf 
an optical illusion was acknowledged by the discoverer him- 
self, ever so ready to apply due caution, and to continue 
|>erseveriijgly to test tlie reality of all newly acquired data. 


Sritellitfs of ITranus. 

" Uranus,” says the younger llerschel, " is surronndetl 
by four, or probably by' five or six,, satellites.” I'hey prc- 
sent a remarkable peculiarity, in a fcatuie to which nothing 
aimihtr has yet been found in any part of the solar system : 
viz. that whereas till other satellites (those of the Earth, 
Jupiter, and Saturn), as well as all the primary 
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naove from west to east, and all, excepting some of the 
asteroids, have orbits but bttle inclined to the ecliptic, the 
almost perfectly circular path of the satellites of Uranus is* 
incHned to the ecliptic at an angle of 78° 58', being there- 
fore nearly perpendicular to it ; and the satellites themselves 
move from east to west. In the satellites of Uranus, as well 
as ia idihose of Saturn, the sequence or arrangement of the 
nomenclature, 1st, 2d, 3d, &c., t^ken from their respective 
distances from the primary planet, is altogether distinct from 
the sequence of the epochs of their discovery. Of the satel- 
lites of Uranus, those first discovered were the 2d and the 
4th, by William lierschel, in 1787; then, in 1790, the 1st 
and the 5th ; and lastly, in 1 7 94, the O^li and the 3d, — all 
bv the same astronomer. In the course of the fifty-six 
years which have elapsed since the latest discovery (that of 
the 3d satellite), the existence of so many as six satellites 
has been often, but unduly doubted; the observations of the 
last t\¥euty years have gradually shewn how much confidence 
may be placed in the great discoverer of Slough in tliis de- 
])artracnt of planetary astronomy also. Hitherto the satel- 
htes of Uranus which have been seen again are the 1st, 2d, 
4lh, and 6th; to w’hich may pcrhajis be added the 3d, 
according to Lassoli’s observation of tlie Gth of xSovember, 
1848. On account of the large aperture of his refiector, 
and the abundance of light obtained thereby, the elder 
lierschel, with his acute vision, considered a magnifying 
power of 157 sufficient under favourable atmosplieric cir- 
cumstances ; his son prescribes generally for these exceed- 
ingly small lununous disks a magnifying power of 300. The 
2d and 4th satellites are those which have been seen again 
cutest, most certainly, and most fretiuently in Europe 
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and the Cape of Good Hope by Sir John Herschel, and subae- 
(juentlv by Lament at Munich, and Ljjssell at Liveriraol. The 
1st satellite of Uranus was rediscovered and observed by 
Lassell from the 14th of September to the 0th of November, 
1847, and by Otto Struve from the 8th of October to the 
10th of December, of the same yesw ; and the outermost, or 
6th satellite, by Lamont, on the 1st of October, 1837. The 
5th satellite does not appear to have been seen again at 
all ; anil: the 3d not with sufficient certainty These 

details are not without iinjjortance, as suggesting fresh mo- 
tives for not giving too much weight to so-called negative 
evidence.* 

Kepfttne. 

The merit of the successful working out and earliest 
ptdSilieation of an inverse problem of perturbation, (viz. the 
problem of deducing from given {MTturbations of a known 
planet the elements of the unknown perturbing one), and 
even of having occasioned, by a bold |)rediclion, tlie great 
discovery of Neptune by Gallc, on the 23d of September, 
1846, belongs to tlie acute powers of combination, and to 
the jjersevering labours, of Le Verricr It is, as Encke 

ha.s expressed it, the most brilliant of all planetarj' disco- 
veries, because purely theoretical itivestigations causetl the 
antecedent prediction of the existence and the place of the 
new and yet unknown planet. The promptitude of the 

t 

♦ [See at the close of the present volume a note coiitoittiiig an aecouut of 
the discfirery, by Mr. Lftsscll, of two more satellites of Uratms» 
to M. dc Hqmboldt wbihi the volaroe iit the original was 
the press, hot after this section had been printed.— Editor.] 
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actual discovery was favoured by the excellent star-maps of 
the Berlin Academy, by Bremiker If, among the 

distances of the outer planets from the Sun, the distance of 
Saturn (9*53) is approximately twice as great as that of 
Jupiter (5'jiO), and the distance of Uranus (19’18) approxi- 
mately twice as great us tliat of Saturn, — the distance of 
Neptune (30*01) would require, in order to complete a 
siuiilar proportion, to have a third part more, or fully ten. 
Earth-distances, added to it. Our planetary boun 4 |ary is at 
the present time 6*21 millions of German, or 2184 millions 
of Englisli, geographical miles from the central body ; by 
the discovery of Neptune, ftie terminal or border-stone, 
marking tlie limit of our planetary Iviowledge, lias been 
made to recede more than 223 millions {892 Englisli) such 
miles, or upwards of 10*8 distances of the Etirth from the ^ 
Sun. Step by step as the perturbations sulhred by each 
last-known planet are recognised, fresh and fresh planets^re 
discovered, until, by reason of^tlieir remoteness, they cease 
to be vi>il>le tlirough onr telescopes 

According to tlie latest determinations the })oriod of revo- 
lution of Neptune is 60126*7 days, or 164 years and 226 
days ; ami its semi-major axis 30*Uo62S. The exceiitricity 
of its orbit is (»*()0S71tM(>, the least next to lliat of Venus; 
its mass is t i lni • apparent diameter is, according 
to Eacke and (Jalle, 2"*70, and according to Cludlis even 
3'''07 ; which would give its density as compared to that 
of the Earth 0*230, greater therefore than that of Uranus 
0T78 

Soon after the discovery of Neptune a ring was ascribed 
to it by Grille, Lassell, and Challis. The llrst-named of 
tlie^ fflitronomers had employed a magnifying power of 567, 

t 2 
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and tried to determine the great inclination of the supposed 
ling to the ecliptic ; but in the case of Neptune, as long 
before in that of Uranus, subsequent examination has dis- 
pelled the behef in the existettce of a ring. 

I think it right to forbear, in tins work, from more than 
an allusion to the certainly earlier but unpublished liihoiirB, — 
not therefore crowned by recognised success, — of the highly 
^distinguished and acute English geometrician, John Cbuch 
Adams, pi' St. John’s College, Cambridge. The historical 
facts relating to these labours, and to Le Verrier’s and Galle’s 
happy discovery of tlie new planet, are related circumstan- 
tially, imjnufially, and from wfell-assurcd sources of autho- 
rity, in two memuipi, by tbe Astronomer-Iioytil Airy, and 
by Bernhard von Lindeiiau Intellectual labours di- 

rected almost at the same time to tiic same great object, 
ofler, be.<ides the spectacle of u comi)ctition honourable to 
both comixjtitors, au interest the more vivid, bccau.se the 
selection of the processes employed testiiies the brilliant state 
of the higher mathematical knowledge at the present epoch. 


SatfUitrn Nej'lmn’. 

If, in the outer planets, the existence of a ring has as yet 
pr«;sented it-self to our view in one instance only, and if the 
rarity of this phicuomcnon causes us therefore to conjecture 
that the formation of a detached belt of matter is depenJeut 
on the concurrence of jieculiar conditions difficult of fulfil- 
ment; on the other hand, the existence of satellites, — 
accompanying the outer planets, Jupiter, Satuni, ami 
Uranus, — appears to be a far more general phaenomeiion. 
So early as the banning of August, 18'17, Lassell reoog* 
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i)ised with certainty the first of Neptune^s satellites, in 
his great 20-foot reilector, with an aperture of 24 inch^, 
Otto Struve (^^), at Pulkowa (11th Sept, to 20th Dec. 
1847), and Bond the Director of the Astronomical 

Observatory of Cambridge, U.S. (16th Sept. 1847), con- 
firmed Lassell^s discovery, Tlie Pulkow'a observations gave — 
th^ satellite's period of revolution, 5 days, 21 hours, 7 min. ; 
the inclination of its orbit to the ecliptic, 34° 7'; its dis^ 
lance from the centre of the prynary planet, 54000 Gefrman 
(216000 English) geographical miles ; and its mass, . 

Three years later (14th August, 1850) Lassell discovered a 
second satellite of Neptune, tb which he applied magnifying 
powers of 628 This last discovery lias not yet, 1 

beli(ive, been confirmed by any other observer. 
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COVBTS. 

In the swiar domaint ih* comets— which Xenocrates and 
Theon of Alexandria termed ‘^Clouds of Ijight,” and 
which, according to 'an ancient belief, handed down from 
the Chaldeans, were saiil by Apollonius the Myndian to 
^'ascend periodicidly from remote distance on long (regu- 
lated) paths” — nhhungh subject to the attracting force of 
the central body of our .system, form, nevertiicless, a pecu- 
liar and distinct group. They are di:-tingui.«hed from pla- 
netary bodies properly so called, and meaning thereby both 
primary planet.“ and satellites, not merely by the great 
exceutricity of their orbits, but also by what is still 
more material — tiieir cutting through or intersecting the 
orbits of the planets ; and they ])rescnl, morei)ver, a 
variability of form — a mutability of ouUiin — which, in 
some indi\'idu!ds, (for example, in Klinkenberg’s comet 
of 1744 so accurately descrilred by llensuis, and in 
Hailey’s comet on its last appearance in becomes 

sensible even in the course of a few hours. Before JBneke 
had enriched our knowledge of the solar system with comet.-i 
of short period, — called interior comets because their orbits 
arc included within some of the planetary orbits, — dogmatic 
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fancies, based on mistaken analogies respecting a supposed 
law of increasing excentricity, Baaguitudc, and rarity of 
matter in planetary bodies with increasing solar distances, 
led to the view, that beyond Saturn there would be disco- 
vered exccntric planetary posmical ' forms of enormous 
volume, “constituting intermediate links or gnidations 
between planets and comets ; and that the last or outer- 
most planet might even deserve to be called a comet, because 
it might perhaps be found to inters^t the .orbit of th^ pre- 
ceding planet nearest to itself, ». tf^Saturn” Such a view 

of the graduated succession of foAns in the striicture of the 
Universe, analogous to tlie often mispsed doctrine of gra- 
dation or transition of form in organic Existence, was shsned 
by Kant, one of the greatest intellects of the eighteeenth 
century. Kespectively twenty-six and jiinety-one years after 
the dedication to Frederick the Great of t he Nalurgeschichte 
dcs Ilimmels by the Kdnig.sberg philosoj)her, Uranus and 
Neptune were discovered by William llerschel and Gaile ; 
but both these planets have a less excentricity than Saturn; 
indeed, while the excentricity of Saturn is O’OoG, that of 
the outermost of all the planets now known to us, Neptune, 
is O'OOS, nearly the same as that of Venus, so near to the 
Sun (O’Ottd), In other respects, also, neither Uranus nor 
Neptune show anything of thcatiticipatedconietary qualities. 

As within a recent period, (sinc<? 1819), the discovery of 
five interior comets have followed that of Bneke’s,— -the whole 
six forming appju'ently a distinct group, whose semi- major 
axis does not differ much from that of the majority of the 
small planets, — the question has been suggested, whether tlie 
group of the interior comets may not have originally consti- 
tuted a single cosmical body, — as iu the case of the small 
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according to the hypothesis of Olbers ; and whether 
this original large comet Inay not have been separated into 
several jiarts by the influence of Mars ; such a sepjiration, or 
hJtpart.ition,diaving actually taken place almost before the 
eyes of observers, in the year 3840, on the last return of 
the interior comet of BMa. Certain resemblances between 
the elements have led Professor Stephen Alexander, of the 
College of New Jersey, to hndertake investigations respect- 
ing ^e pSossibility pf a common origin of the asteroids, (or 
small planets between Mf^and Jupiter,) and some, or even 
ail, of the comets . C^ grounds of analogy founded on the 
supposed nebulour eil^elopes of the small planets, all recent 
and more accurate (fbscrv'crfJops show that the liyjx)thesis is 
quite unsupported. Other circumstances are also un- 
favourable to it. Although it is true that the orbits of the 
small planet-s are not farallel to each other, and present, 
indeed, in tlie case of Pallas, the phsKtiorncnon of an ex- 
cessive inclinaliou, yet with all this want of parallelism in 
their own paths, they do not, like comets, intersect the 
orbits of the great, old, or longer known planets. This 
circumstance, which, in any hypothesis of a primitive 
impulse in directioji and velocity is exceedingly material, 
token in conjunction with the divensity in physical constitu- 
tion between the interior comets and the small planets,-^ 
the plajiets appearing to be entirely without any nebulous 
or vaporous matter, — seems to render a similarity of origin 
between these two classes of cosmical bodies vety improba^ 
ble. Laplace, also, in his theory of “planetary genesis" 
from zones of vapour revolving around the sun and cou- 
demsing round nuclei, thought that comets must be separated 
entirely from olaneta. “ p«n« J'hvnoth^se des zones de 
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vapeurs et d’un noyau s'accroissant par la condensation de 
I’atniosphfere qui renvrironne, les comfites sont etmngtTCs 
au systeme plaiietaire” 

I have already called attention, in the first volume of my 
work to the fact that comets combine the smallest 
mass with the occupatioU of the largest space within the solar 
domain ; they also exceed all other planetary cosmical bodies 
in number of individuals; the calculus of probabilities, 
based ou the assumption of an equable distribution of 
orbits, limits, nearness to the Sun, and possible continued 
invisibility, leads to our infent|g the existence of many 
thousands. I purposely exclude from such comparative 
cousidemtions “ aerolite,” or " meteoric asteroids,” because 
much obscurity still prevails lespecting their nature. We 
must distinguish among comets those whose orbits have 
been computed by astronomers from those of which we 
possess, in some cases, only incomplete observations, and in 
otliers, mere notices in chronicles. As, according to Galle's 
latest exact enumeration to the year 1847 inclusive, 178 
comets had been odculated, we may verv well continue to 
take as the number of comets which have been seen, 
including those of which we merely possess notices, a rough 
total of from six to seven hundred. When the comet of 
1682, announced by Halley, reappeared in 1759, it was 
regarded as something very remarkable that three comets 
should be visible iu the same year. Now, so animated is 
the examination of the celestial vault, and from so many 
]X)Utts of the earth's surface at the same time, that in each 
of the years 1819, 1825, and 1840, four comets were seen 
and computed ; in 1826, five ; and iu 1846, even as many 
as eight. 
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In comets seen with the unassisted eje, recent times 
have been more rich than was the latter part of the last 
Century ; but still the appearance of a comet brilHaat in both 
head and tail continues to be a rare and remarkable natural 
phsenomenon. It may not be. without interest to reckon up 
the number of comets which have been seen in Europe with 
the naked eye during the last few centuries The 

richest period wius the Iflth century^ when 23 such comets 
were seen. The 17th had *12, of which only 2 were in the 
first half. lu the ISth century ojdy 8 such comets 
appeared, whereas we haio had 0 in tlie first fifty years of 
the 19th. Of these, the fimwt were those of 1807, 1811, 
1819, 1S35, and 1ST3.' In earlier times it lias happened 
more than once that from thirty to forty years have passed 
without the record of such a spectacle having been once en- 
joyed. The years which appear poor in comets may, howevir, 
for aught we know, have been actually ricli in large comets 
haring their {M?rihe]ions situated beyond the orbits of Jupiter 
and Saturn. Of telescopic cornets, there are now discovered, 
on an average, at least two or three a year. In tlrree suc- 
cessive months, in 18 K), (inlie found 3 new comets j from 
1764 to 1798 Messier found 12 j and Poius, from ISOl to 
1827, found 27. Thus Kepler’s expre.ssion respecting flie 
multitude of comets in space (“ ut pisces in occano”) almost 
appears to be ju.stified. 

The careful register of the comets seen in China, made 
known to us by Edouard Biot from the collection of Ma- 
tuandin, is of no small importance. It extends back beyond 
the foundation of the Ionic school of Thales and tlic Lythan 
Alyattes, and comprises in two sections the places of comets 
from 613 years before, to 1222 after our era; and from 



1222 to 1C44 during the jMjriod of tlie dynasty of Ming. 
I repeat here (Kosinos, Bd. i. S. 389, Anni. 12 ; Engl. ed. 
p, xvii. Note -12), that wliilst from the middle of the 3d to 
the end of the 14 th century, comets have to be computed 
exclusively from Cliinese observations, the calculation of 
Halley’s comet at its appearance in 1456 is the first which has 
been made exclusively from European observations : those of 
Eegiomontanus were, however, fqllowcd, on the return of 
Halley’s cornet, by the very exact ones of Apianus, at lugol- 
stadl, in August of the year 1531. The appearance of a 
superb comet which acquired celebrity by means of African 
and Brazilian voyages of discovery, and which was called by 
Italian.s " Signor Astone,” tlic great “ A^ta,” belongs to the 
intermediate date of May 1 50(t By the similarity of the 

elements, Laiigier (*"’*’ ) recognised in the Chinese observations 
a seventh appearance of Ilullcy’s comet (that of 1378) : the 
third comet of 1840, discovered by Galle on the 6th 
of March, appears in the same Avay to be identical w ith that 
of 1097. The Mexicans in their Year-books coiuiected 
events with comets and other celestial observations. It is a 
curious fact that it is onlv in the Chinese Comet -Register 
that I have been able to recognise, (as having been observed 
in December of the siune year), the comet of 1490, wliich I 
discovered in Lc Tollicr’s Mexican Manuscript, and figured 
in my " Mouumeus des Beuples indigenes dc VAmerique” 
(653)_ ipjijg comet had been entered by tlie Jlcxicans in their 
register twenty-eight years before Cortes appeared for the 
first time ou the coast of Vera Cruz (Cluilchiuheut;can}. 

I have spoken in detail in the first volume of my work 
(S. 106--1I2 ; English edit. p. 92 — 98), of the shape and 
appearance of comets, of their variations of form, brightness 
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and colour, and of the cma^tions from the head, which, 
bending back, form the tail following in my descrip, 
tion tlie observations of Heinsius (IT-ti), Bessel, Struve, 
and Sir John Herschcl. In recent times, besides the mi^. 
nificent comet of 18i3 (‘*^*), which was seen by Bowring at 
Ghihtiahua (N.W. America) as a small white cloud, from 
nine in the morning to sunset, and by Amici at l*arraa, in 
full noonday, at I® 23' east of tlie Sun C®***), the 1st comet 
of 1817, discovered by Hind in the neighbourhood of Ca- 
jiella, was visible in Loudon on the day of its perihelion, 
when verj' near the Sun. 

lor the further eiucidatiom of what has been said above, 
respecting the remarks of the Chijiesc astronomers on the 
occasion of their obiervation of the comet of March 8.‘17, 
during the dynasty of Thang, I will here introduce a traiis- 
iatiou from the Ma-tuan-luj, of tlie statement of the law 
followed in the direction of the tails of comets: — “In 
general, in a comet east of the Sun, the tail, reckoning from 
the nucleus, is directed to the c'ast; but if the comet appi-us 
to the west of the Sun, the tail is turned towards the west.” 

I'numstoro arid Apinnus say more definitely, and still 
more correctly, that “ a line in the direction of the axis of 
the tail, prolonged through the htaui of the comet, strikes 
the centre of the Sun." The words used by Scncca (Nat. 
Quffist. vii. 20), — “ the tails of comets flee from the Sun’s 
rays,” — are also descriptive of their cluuracter in this respect. 
Among the planets and comets yet known to us, while the 
pro|)ortion of the shortest to the longest jmriod of revolution, 
dependent on the length of the semi-major axis, is in planete 
as 1 : 683, in comets it is as 1 ; 2670. These ratios arc 
derived from comparing Mercory, having a period of revo- 
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Itttion of 87‘97 days, with Ht^une, whoscperiod is 60126'? 
days ; and Encke's comet, having 3’3 years, wth the comet 
of 1680, observed by Gottfried Kirch at Coburg, by Newton 
and by Halley, whose computed period is 8814 years. I have 
already noticed (Kosmos, Bd. i. S. 116 — 118, and Bd. iii. 
S. 371—373; Engl. edit. Vol.i. p. 102—103, and Vol.iii. 
p; 360—261), the distance of the fixed star nearest to our 
solar system (a Centauri), fronj the aphelion (or greatest 
distance from the Sun) of the last-named comet, as deter- 
mined by Encke in an excellent memoir on the subject, — the 
very small velocity, 10 feet in a second, of the same comet 
at the remotest part of its path, — and the greatest proximity 
attained by Lexell's and Burckhardt’s c(\met of 1770 to the 
Earth, (being 6 distances of the iloon from the Earth), — and 
by the comet of 1680, and still more the comet of 1S4-3, to 
the Sun. The 2d comet of 1819, w hich, as seen in Europe, 
emerged suddenly in considerable magnitude from the Sun’s 
rays, must, according to its elements, have passed on the 
26th of June that, unfortunately, without being s(«n !) in 
front of the Sun’s disk (®®®). This must also have been the 
case with the comet of IS'23, wdiich, besides the ordinary 
tail turned from the Sun, had another tuj'iied directly towards 
the Sun, if the tails of these two comets had a considerable 
length, vaporous particles belonging to tliem must have 
become mingled with our atmosphere, as doubtless has 
often happened. The cpicstion has been propounded, whe- 
ther the extraordinar)' mists w'hich, in 1783 and 1881, 
covered a large part of our continent, may have been the 
result of such an admixture (®*s). 

While the quantity of radiant heat received by the comets 
of 1680 and 1843, when in such near proximity to the Sun, 
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Uas been comfwred to the temperature of the focus of a 
buriuttg-gUu$s of more than 32 inches diameter nuo- 
ther iiighly meritorious astronomer considers that " all 
^mets without a solid nucleus, cannot, from their exceeding 
tenuity, receive or appropriate any solar heat whatsoever; 
and have therefore only the temperature of space’’ Jf 

we consider attentively tlie many and striking analogies in 
the phamomena presented, according to Melloni and Forbes, 
by bright and by dark sources of heat, it seems, in the 
present state and connection of our physical ideas, difficult 
not to assume processes in the Sun itself which produce, 
by the vibrations of an ether (by waves of different length), 
at once radiant light atid radiant heat. Mentioti was lung 
made in many astronomical works of a supposed occultation 
of the Jdoon by a conurt, in 1454, the stiiteinent of which 
the Jesuit Pontanu.s, the first translator of the Byzaniiuc 
%vriter George Pliranza, thought he had discovered in a 
Munich manuscript. This supjMJsitioii of the pas.«age of a 
comet btdween the Earth ami tlic Moon, in 1454, is as 
erroneous as is a similar assertion by liichtenbcrg in respect 
to the comet of 1770. Phranza’s Clironieies were published 
in full for the first time, in Vienna, in 1796 ; and it is said 
in them expressly, that in tiie year of tlie w’orld 6962, dur- 
ing the time that an eclip.se of the Moon was taking j)htce, 
quite in the ordinary maniuir, according to the order and 
circular path of the lujavcnly luminaries, a comet, sinnliir to 
a mist, appeam^d, and came near to the Moon. The date, 
corresponding to 1450, is given incoitectly ; for Phranza 
says positively that the lunar eclipse and the comet were 
seen o/iTcr the taking of Cionatantinople (19th of May, 1458); 
and an eclipse of the Moon did really lake place on the 12th 
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of May, 1454. (See Jacobs in Zach’s Mosiatl. Corresp. 
Bd. xsiii. ISll, S. 190—202). 

The facts relative to J..exc1l’s comet and Jupiter’s satel- 
lites, i. the di.'^turbauces wliich it sustained from them 
without sensibly influencing their iK‘riod.H of revolution 
(Kosmos, Bd. i. S. 117 ; English edit. Vol. i. p. 103), 
hiive undergone more accurate investigation by Le Verricr. 
Messier discovered this remarkable coukT. on the 14th of 
June, 1770, as a faint nebula in Sagittarius; but eight 
days later its nucleu.s shone already like a star of th 
2d magnitude. Previous to the perihelion no tail was 
vi.«ible ; but after\vard.s one (tevelopcd itself, by slight ema- 
nations, to a length of barely 1®, Lexell found for his 
comet an elliptic path, and a period of revolution of 5*585 
years, a result wliicli was confirmed by Burckhardt in his 
excellent prize memoir of 1800. According to Clausen it 
approached the Eartli, on the 1st of July, 1770, within 363 
semi -diameters of the Earth (311000 German, or 1244000 
English geographical miles, or six distances of the Moon 
from the I'larth). That the comet should not have been 
seen earlier {March 1776), and later (October 1781), has, 
in accordance witli Lcxell’s previous conjecture, been made 
out aindytically by Laplace, in the 4tli volume of the Me- 
canique celeste, as the effect of jH.’rturbations proceeding 
from the direction occupied by J upiter’s system at the time 
of the approximations, in the tw'o years 1767 and 1779. 
LeYerrier finds that, according to one hypothesis r»?specting 
the comet’s path,, it should have passed, in 1779, through 
the orbits of the satellites of Jupiter ; and that, according 
to another hyjmthesis, it should have passed far outside 
the 4th or outermost satcliite (®®3). 
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The molecular state of the head ^or nucleus, which pre. 
sents so singular an outline, as well as of the tail of comets, 
is the more diOicult to comprehend, since it does not cause 
any refraction of rays, and since, by Arago's important dw- 
coveiy (Kosmos, Bd. i. S. Ill, 391 and 892, Anm. 19 — 21; 
English edit. p. 97, xviii. and xix.. Notes, 49— -'51), the 
light of comets has been shewn to consist partly of polarised, 
and therefore of reflected sohtr light. Wliilc the smallest 
stars are stien to shine with utidiminishcd brightness through 
the vaporous emanations which form the tail, and even 
through almost the centre of the nucleus itself, or at least 
exceeiliiigly near to the centre (per cometem non aliter 
quam per mibem ulteriora c-ernunlur ; Seneca, Nat. Quaist. 
vii. IS), the analysis of the light of comets in Arago's ex- 
periments which 1 witnessed shows, on the other hand, 
that the vaporous envelope.s are capable, notwitlistanding 
their tenuity, of reflt*cting or giving liack light received from 
a foreign source ; that these cosmical b&dies have “an 
imjjerfect transparency ; and that light does not jms 
through them uniin{>eded.” In a group of nebulous bodies 
of such extreme tenuity, the particular instances of great 
luminous intensity, as in the comet of 1843, or the star-like 
brightness of a nucleus,, excite the more astoni^ment, be- 
cause the retiecliou of the Stan’s light is assumed to be the 
exclusive cause. But may we not se^pose in^emnets, in 
addition to this, a light -evolving process of tlieir own ? 

Tlie particles emanating or evapo^ibg from brus^ke 
or fau-shaped comets’ tails of mmiy millions of miles i^: V 
length, disperse themselves in space, and may p^Iiftps either 
form of themselves the resisting or impcNding fluid oriae- 
diuin(®^} wliich gradually contracts tho- paUi of . Bncke’s 
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comet, or may mingle with the ancient cosmical matter 
which Inw not been condensed either into celestial bodies or 
into the ring which forms our Zodiacal Light. We see 
material particles disapjiear, as it were, before our eyes, and 
can hardly conjecture where they reassemble. Kow, how- 
ever probable may be the condensation in the neighbour- 
hood of the central botiy of our system of a gaseous fluid 
filling .space, yet in comets, whose nucleus, according to 
Vak, becomes small in the viciiiitv of the Sun, we cannot well 
imagine to ourselves that this elTeet is caused bv the sur- 
rounding fluid being there more dense, and thus pressing 
nj)on and contracting a vesicular nebulous envelope (‘^' ). If, 
in the emanations of comets, the outlines dt the light- 
reflecting nebulosity are usually veiy little defnied, it is the 
more .striking, .and the more instructive in respect to the 
molettular state of the body, to remark that, in particular 
cases and individuals (for example, in Halley's comet, seen at 
the end of January 1830 at the Cape of Good Hope), there has 
been observed in the parabfdic front jiart of the comet such 
a well-marked and definite outline, as we hardly ever see in 
the piled up clouds or cumuli of our atmosphere. The 
illustrious observer at the Cajm compared the unusual ap- 
pejirancei hidicotive of the strength of the mutual attraction 
of tlie jutrticles, to mi alabaster ves.sel strongly illuminated 
from withia{®®?) . v 

SiuQB the appearance o( the first volume of my work, an 
occurmuce has prei|eute<l itself among the bodies of which 
pwe are titeating, the mere possibility of which could scarcely 
have been anticipated. Tliela's cumet, (an interior comet 
of short period of revolution, years), parted asunder 
and forthed ttvo , comets, similar in form tliough unequal in 
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size, ench exliibitiug both a head or nucleus, and a tail. So 
long as tboy could be observed they did not reunite, but 
were moving onward separately and almost parallel to each 
other. As early a.s the lOth of December, 181.5, Hind had 
remarked in the still undivided comet a kind of protuberance 
tenvards the north: on the iJlst, when observed byEnckeat 
Ilerlin, nothing reseinhling a division could yet be seen. 
On the 29th, the division wliicli had then taken 
place, wfis first setm and recognised in North Ainerioa ; in 
Europe it w:is not pcrccival until t!ie middle utid end of 
January, 18 Id. The new smaller cornet moved foremost 
towards the north. The disiance between the two was at 
first S, and afterwards (20th of Ecbraary), according to Otto 
Struve’s interesting drawing, (5 minutes The strength 

of the light varieil, so that the liglit of tlie gradually increas- 
ing second comet was for a time greater than that of the 
first or original comet. The nebulous envelopes snrrouiid- 
ingeaeh of the two nuclei had no definitely marked outlines : 
in the larger comet there was even, towards the S.S.W,, a 
swelling of very faitit light; but the space between the two 
comets was seen at Pulkowti to be entirely fr<*e from nlbu- 
lo.sity Some days later, Lieutenant Maury, at Wash- 

ington, uoticeil with a 9-inch Munich refractor rays sent by 
the larger older comet ttt the smaller new one, so that then 
was for a time a sort of bridge-like connection bet>wee.n them. 
On the 24th of March, the smaller comet, from the increasing 
faintness of its light, could but just be recegnised. 
wards the larger comet was alone seen up to the 10th or 
20th of April, when it also vanished. I have described the 
particulars of this wonderful pluenomenon (®^*) so far as it 
was jmsible to observe them : unhappily the act of separa- 
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tioii, and theatate of the older comet a short time previously, 
escaped observation. Did the separated comet become in- 
visible solely from increasing distance and great faintness df 
light, or did it dissolve ? Will it again apjjcar and be re- 
coghised as a companion ? and will Biela's comet on future 
reappearances present to us similar anomalous phajiiomena? 

The production of a new planetary cosinical bo<ly by 
division, naturally suggests the ^question, whetlier, in the 
multitude of comets revolving round tlie Sun, several may 
not have originated, or may originate from time to time, 
by a similar ])roccss ? and whether, by retardation, i. e. un- 
e<jual velocity of revolution, 'and by unequal influence of 
perturbations, different orbits may not be produced ? lu a 
memoir by Stephen Alexander, to which I have already 
alluded, it is attempted to explain the origin of all the 
interior comets by the adoption of such an hypothesis, which 
cannot, indeed, be siiid to rest on any adequate, foundation. 
It w^ould seem as if similar cosmical events had been ob- 
served, but not sufficiently well described, by the ancients. 
Seneca relates, ---but, indeed, as he hiinsclf states, not on 
triistworthy testimony, — that the comet, to which the 
downfisdl of the cities of Helice and Bura was attributed, 
divided asunder into two parts. He adds, mockingly — 
" Why is it that no one has yet seen two comets unite into 
one The Chinese astronomers speak of three 

"double,” or "couples o|,'' comets, which apiiearcd in 896, 
and went through their course together 

Among the great namber of comets whose course has 
been computed, there are eight whose periods of revolution 
are of shorter duration than the period of revolution of Nep- 
tune. Of thes» eight, six are interior comets, ». <?, cometa 

vox., HI. X 
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whose aphelia arc less distant (hmi the Snn than is a point 
in the orbit of Neptune : they are— -Encke's comet {apheHon 
4'09) ; de Vico's (5*02) j Brorsen’s (5'64.) j Faye's (5*9:1) ; 
Biela’s (6*19) ; and d' Arrest’s (6 *4 4). The Earth's mean 
distance from the Sim being unity, the paths of all these 
six interior comets have aphelia situated between Hygeia 
(;1*15) and a limit which is placed almost l-f distances of 
the Earth beyond Jupiter (5 20). Tlie two other comets 
which have also shorter |)crioils of revolution than Neptune, 
are Olbers's comet, having a period of 74, and Halley's, 
having a period of 76 ycjirs- Up to the year 1819, wlien 
the existence of an interior 'comet was first reci^ised bv 
Encke, the above-named two comets were those which had 
the shortest known jK'riods of revolution. The aph«;lia of 
Olbers’s comet of 1815, and of Halley^'s comet, are situated 
only 4 and 54 distances of the Earth from the Sun beyond 
the limit at or within which, according to the discovery of 
Neptune, they would be considered interior comets. Al- 
though the application of the term " interior comet" may 
undergo alteration by the future discovery of trans-Neptii- 
nian planets, since the limit which renders comets "inte- 
rior" is a variable one, yet the term is preferable to that of 
" comets of short jwriod," inasmuch as it depends at every 
epoch of our knowledge on something definite at that epoch. 
The six interior comets which have now been securely com- 
puted, only vary indeed in their periods of revolution from 
8*3 to 7*4 years ; but if ilie expectation of the return at 
the end of 16 years of the annet cKscovered by Peters at 
Naples, on the 26th of June, 1846 (the 6th comet of the 
year 1816, with a semi -major axis of 6*82), should be con- 
firmed (*5'*), it may be anticipated that, as reapects the 
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duration of tbe period of revolution, intermediate links will 
gradually be discovered between the comets of Olbcrs and 
of Faye, and tliat it will in future be difficult to determine 
any fixed limit defining " shortness of period.” I subjoin 
the table in which Dr. Galle has collected the elements of 
tlie six interior comets (sec p. 410). 

It follows from this review, that from tlic recognition of 
Encke’s (®’®) as an interior comet, in 1819, to tlie discovery 
of the last inferior comet of d’Arrest, 82 years only have 
elapsed. Elliptic elements for the last-named comet have 
also been computed by Yvon Yillarceau, in Schumacher’s 
Astr. Nachr. No. 773, w ho, as m cU as Valz, has expressed 
some conjectures rcsiiecting its jmssible identity with the 
comet of 1678, obseiwed by La Hire, and calculated by 
Douwes. Two other comets, apparently also having periods 
of revolution of five or six years, are — the 3d of 1819, dis- 
covered by Pons, and calculated by Encke ; and the 4th of 
1819, found by lUanpain, and considered by Clausen to 
be identical with the 1st of 1 743. Neither of these comets, 
however, can yet be classed with those in regard to which 
long-continued and exact observations permit greater cer- 
tainty and completeness in the assigned elements. 

The inclination of the paths of the interior comets to the 
('clij)tic is, generally speaking, small, ». r. between 3*^ and 
13° : in llrorsen’s comet only it is considerable, attaining 31°. 
All the interior comets which have yet been discovered, have, 
like all the planets and satellites of tlie solar system, a direct 
motion (advancing in their orbits from u’est to east). Sir 
Jolm Hcrschei has <^l(xl attention to the greater rarity of 
retrograde motion in those comets whose degree of inclina- 
tion to the ecliptic is small (^^®). This opposite direction 



More exactit cai.cclited Elements of the <5 Ikker Comets. 


SPECtAX. EESULTS JK THE CHAN OtOGICAL 



pomox py TUB COSMOS. — comets. 411 

of motion, which exists only in a certain class of bodies 
belonging to the solar system, is of great importance iji 
reference to a very generally prevailing opinion respect,iiig 
the origin of ei-Iestial bodies belonging to one .system, and 
respecting priinirive impulse. It appem-s to shew us iln; 
coinet-aorld, tjjough placed in tlic remotest distance, sub- 
jt'cted to the attraction of the central body, yet pussessing 
greater individuality tlian the jdanefs. Such a considera- 
tion lues led, unduly, to fbi; idea of comets being (dder than 
planets -of their being, as it were, primeval forms of 

imperfectly con(Un.s(Hl cosmical uiatter in space. Under 
this supposition it lias been ujlced whet her, notwithstanding 
tlie enormous distance of the neiire.st fixed star of wliicli we 
know’ the parallax from the aphelion of tin; cornet of lOiJO, 
some of the comets whiclt come w itliin our view nvav not be 
wanderers jiassing through our system, from tlio domain of 
one sun to that of another ? 

1 i)ro|x>se to place next to the. class of comets, as with 
great probability belonging to the solar domain, the King 
of the Zodiacal Light; and next to tVuvt, the multitude of 
Jiieteoric asteroids which sometimes fall upon our Eartli, 
and respecting the existence of which as bodies in cos- 
niical sjmcc trnanimity of ojhnion by no means prevails. 
As I myself, conformably to the examples of Chladni, 
Gibers, Laplace, Arago, J(>hu llerschel, and Bessel, de- 
cidedly regard aerolites as l)cing of extra-terrestrial eos- 
inicnl origin, I may uaturally close the pK*s«;nt section on 
those coinetary bodies, which have been sometimes termed 
“ w andering stars, with the expression of a conbdent 
expectation, that by increasing care and accuracy in the 
observation of sicrolites, fireballs, and falling stars, the oppo- 
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site opinion will disap{>ear> as the opinion which generally 
prevailed up to the 16ih century of the meteoric origin of 
ccfmets has long since done. Altliough in ancient times the 
astrological corporation of the Chaldeans in Babylon/^ a 
large part of the Pythagorean school, and Ajmllouius the 
Myndian, regarded comets as celestial bodies, returning at 
determinate periods in long planetary paths, — ^on the otljcr 
hand, the powerful anti-Pythagorean school of Aristotle and 
Epigenes, combated by Seneca, declared them to be products 
of meteorological processes in our atmosphere Ana- 

logous fluctuations of opinion between cosmical and telluric 
liypotheses, between external • space and the atmosphere of 
our own planet, will in the end conduct us, in the case of 
aeiblites also, to tlie reception of just views. 
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IV. 


RING OP ZODUCAL LIGHT. 


In our riclilv varied Solar Svstein, several of the distinct 
jlasses of bodies of w liicli it consists have onl)’ been recognised 
by us in their existence, place, and form, at successive inter- 
vals of time, in the last two centuries and a half. There 
have thus been made known to us : — First, subordinate or 
particular systems, in which, in analogy with the chief or 
genend system of the solar domain, smaller cosmical sphereo- 
dised bodies revolve around a larger one ; — next, the exist- 
ence of concentric rings surrounding one of the less dense 
exterior planets, being sUso the one amongst them winch is 
most rich in satellites ; — next, the existence and the probable 
material cause of the mild, pyrajiiidally shajmd, Zodiacal 
Light, very visible to the unassisted eye ; — next, the mutmdly 
intersecting orbits of what are culled the small planets or 
asteroids, situated beyond the zodiacal zone, and included 
between the domains of two primary planets ; — and lastly, 
the remarkable group of inner comets, whose aphelia are less 
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remote than the aphelia of Saturn, of Uranus, or of Neptune^ 
In a cosmical presentation or descsription of the Universe, 
it is right to recall this variety or diversity between dilferciit 
mentbers of the solar system, which, however, by no means 
excludes uuiforinity of origin and jjcrmanent dependence on 
the same motive forces. 

Great as is still the obscurity which surrounds the mate- 
rial or physical cause of the Zodiacal Light, yet,con8idering|.he 
mathematical certainty that the limits of the Sun's atmosphere 
cannot extend beyond of the distance of Mercury, the 
opinion contended for by Laplace, Sclnihert, Arago, Poisson, 
and Biot, — according to which the Zodiacal Light is sup. 
posed to proceed from a detached, vanorons, flattened ring, 
revolvijig freely in space between the orbits of \enns and 
Mars, — would seem the most satisfactory hypothesis wliidi 
presents itself in the present very defective state of our 
knowledge. In the Sun, as well as in Saturn (a subordi- 
nate system), the outermost limit of tlie atmosphere can 
only extend to where the attraction of the centra] body 
(whether primary or secondary) exactly balances the centri- 
fugal force : the {K>rtions of the atmosphere which may liave 
passed beyond tliis limit become detached, and must pursue 
their course either cotidcn.«ed into spheroidrd planets or 
satellites, or, if not in the form of spheres, in that of solid 
or of vajmrous rings. According to this view', the “ Bing 
of the Zodiacal Light" would take its place in the category 
of planetary forms, subject to the general laws of their for- 
mation. ' 

Prom the small progress in respect to observation winch 
Kas b«jn made in this neglected part of our astrouomiod 
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kaowledge, I have little to add to what I liave already said 
concerniiig it, derived from lay own experience and from that 
of others (Kosinos, Bd. i. S. 142 — 149, and 409 — 414, Aum. 
61 — 78; Bd. iii. S,3£3 : English edit. VoLi. p. 127 — 133, 
andxxxiii. — xxxvii. NoUis91 — 99; Vol.iii. p.228). Tvreuty- 
two years before the Zodiacal Light was seen and noticed by 
Dominique Cassijii, to whom its lirst observation is coin- 
loouJy ascribed, Childrcy (Cimplawi lo Lord Henry Somerset), 
at his diriUinniu Bacoiiica, published in 1601, rccorninencJed 

.'yf 

It to the attention of astronomers as a pnn iously undcscribed 
plfteiioraenon, which he liad seen for several year? in the 
month of Eebruary and in the beginning of March. 1 think 
it also light to remind my reader? of a letter from Rolhinann 
to Tyelio Brahe (noticed liy Oiber?), from which it ajjpears 
that, os early as tlie end of the IGlh century, Tyclio had 
seen and remarked the shining of tlie Zodiacal Light, and 
had tak^ it for an abnormal vt rnal evening twilight. I was 
niys<-lf lirst stimulated to make ibis plianomcnon the object 
of persevering observation, from being struck, as I wiis 
quitting Europe, w itli its inereasing briglitness in Spain, on 
the Cfjast of Valencia, and in tlie j)lain? of New Castille. I 
found that the strength of the light, 1 might almost say of 
the illuiniiiatioii, increased astonishingly as I approached tlic 
equator in South America and in the Pacitie. In the 
ever-dry clear air of Cumana, in the grassy steppes (Llanos) 
of Caracas, on the high table-lands of Quito and the 
Mexican Lakes, and more ifiartieularly at elevations from 
eight to twelve or thirteen thousand fi*et, where I was 
able to remain for a longer time, 1 found its briglitness 
sometimes snr|)ass that of the finest jiarts of the Milky Way, 

z 2 
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between the front part of the constenation of the Ship and 
Sagittarius; or, to name portions of the heavens visible in 
our own hemisphere, betw^^en Aquila and Cygjjus. 

On the whole, however, the brightness of the Zodiacal 
Iiight did not api)ear to me to increase sensibly with the 
elevation of the observer’s station, but rather to de|)end prin- 
cipally on internal variations, i. e. on greater or less degn^eg 
of luminous intensity in the phmnomeuon itself. I even 
remarked, when in the Pacific, a counter-glow, like that of 
sunset. X have said, de{)ending "principally” on intcriuvl 
variations, because I by no means deny tlie possibility of a 
concurrent influence from the greater or less transparency of 
the u[>per strata of the atmosphere, n hile in its lower strata 
my instruments indicated no hygromctric changes, or some- 
times such as would have had an oj)jK>site tendency. Ad- 
vances in our knowledge of the Z<idincal Light may be 
most ho{>efu}ly looked for from the fnipical regions, wliere 
meteorological proce.sses attain the greatest degree cither 
of uniformity or of regularity in their jM-riodical variations. 
The phamomenon is there }>erj)etual ; and u careful com- 
parison of observations at stations of different ek-vatiosi, 
and under different local circumstances, would enable us 
to decide, by the aid of the calculu.s of probabilities, what 
we ought to ascribe to cosmicid luminous processes, and 
what to mere metcorologicsd influences. 

It has been stated more than once, that for severjil 
ce^ive years scarcely any Zodiacal Light, or only a very 
faint trace of it, ha.s been seen in Europe. Docs the light 
appear proportionally enfeebled in the equatorial zone ni 
years when this is the case ? Such an investigation, hov- 
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ever, laust not be limited to the configuration of the light, 
derived either from distances from known stars, or from 
direct measurements. The intensity of the light, its unifor- 
mity, or, on the other hand, its intermittcnce (quivering and 
dasliing), and its analysis by the polariscope, ought to be 
the chief objects of examination. Arago (in the Annuaire 
for IvSdl?, p. 208) has already pointed out that a compari- 
son of the observations of Dojniniijue Cassini is [lerhaps 
sufficient to show “ que la supposition des intermit tences 
de la diaphanite atmospherique ne saurait suffke a I’explica- 
tion des variations sigualties par cet astronome." 

Immediately after tlie first Paris ob.servations of this great 
observer, and of his friend, Fatio de Duillier, the Zodiacal 
Light attracted the regard of the Indian voyagers. Pater 
Noel, de B6ze, and Duhalde; but detached notices (for tlie 
most part chiefly occupied uitli describing tlie gratification 
afforded by the unwonted spectacle) are not available for a 
tlioroudi discussion of the causes on which the variabilitv of 
the light depends. It is not on rajiid journeys, or voyages 
called voyages of circumnavigation, as the endeavours of the 
active Horner have shewn in more recent times (Zach, Mo- 
uatl. Corresp. Bd. x. S. 337 — 340), tliat the desired object 
can he attained in a thorough and satisfactory manner. A 
permanent residence of several years in some of the countries 
of the tro})ics is requisite for obtaining the solution of the 
problems, presented by the variations in form and intensity 
of the Zodiacal Light. For t his object, as well as for im;- 
teorolog}' generally, the greatest .advantages may be expected, 
^hen scientific cultivation shall at length have extended 
over the equinoctial regions formerly called Spanish America, 
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where large populous cities — Custco, La Paz, and Potosi — 
are situated at 10700 and 12500 (about 11400 and 13S20 
English) feet above the level of the sea. The numerical 
results at which Houzeau has been able to arrive, and which, 
indeed, could ouly be based on a small uuHiber of accurate 
observations, raider it probable that the major axis of the 
King of the Zotliacal Liglit does not coincide with the plane 
of the Sun's eipiator, and ..that the vaporous mass of tlie 
King, whose molecular condition is wholly unknown to us, 
does not pass beyond the Earth's orbit (Schum. Astr. JiTaclir. 
No. 492). 
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V. 


KALUNO STARS, BALLS OF FIRE, AX0 METEORIC STONES. 


Since the spring of 1845, wlien I published the first 
volume of Kosraos, containing the Picture of Nature or 
General View of Cosmical Phaenomena, the earlier results of 
observation of falls of Aerolites, and of periodical streams of 
falling stars which were then at my disposal, have been 
largely augmented, thus rendering our knowledge on the 
subject in many ways more extensive and more correct. 
Many questions have undergone stricter and more critical 
examination, more especially the very important one of 
what has been called " radiation,” i. e. points of de- 
parture from whence the shooting stars appear to 
proceed, at the recurring epochs or periods at which 
they are seen to fall in unusual abundance. Recent 
observations, the results of which present a high degree of 
probability, have also augmented the number of such epochs, 
of which the August and November periods were for a long 
time the only ones which attracted attention. The merito- 
rious exertions, first of Brandts, Benzenberg, Olbers, and 
Bessel ; and subsequently of Ennan, Boguslawski, Quetelet, 
Feldt, Saigey, Eduard Heijs and Julius Schmidt, have led 
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to the employment of more exact corresponding ineasure- 
ments ; while, at the same time a more widely ))revailing 
mathematical training has rendered observers less liable to 
persuade themselves of the accord of uncertain observations 
with a previously conceived theory. 

The progress of our knowledge respecting igneous me- 
teors will be the more rapid the more impartially facts are 
separated from opinions, so ..that while carefully sifting or 
testing all alleged particular facts, on the one hand, wc may 
not, on the otlier, fall into the error of rejecting ns bad or as 
uncertain observations, whatever results we are not yet nbie 
to explain. It appears to mfc most iui})ortftnt to sepnrute 
physical relation.s, from those geometrical and nnmericul 
relations which admit, generally speaking, of more certain 
and assured investigjition. To this latter class belong — 
altitude ; velocity ; unity or multiplicity of points of de- 
parture where “ radiation” is recognised ; mean itnmbcr of 
ignet)U8 meteors, whether in sporadic or {periodic phtenomenn, 
reduced, in order to determine their frctpiency, to the «nae 
standard of measure in time, magnitude, nml form, — idl 
being considered in connection with the seasons of the year, 
and with hours, or intervals before and after midnight. I hc 
investigation of both classes of circumstances or relations, 
vix. the physical and the gt’omctrical, will gratlually lead to 
one and the same objtjct, i. e. to "genetic” considemtioiis 
on the true nature and character of these phaenomena. 

I have before pointed out that, generally sjieaking, out 
communication with the regions of cosmical space is solely 
through light- and heat-exciUng undidations, and through 
the mysterious foretts of attraction, exerted by distant masses 
or celestial bodies according to the quantity of their matcniil 
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particle?, on our globe, its oceans, and its atmosphere. Tlie 
luminous vibration which proceeds from tlie smallest te^e. 
scopic fixed star in a resolvable nebula, to the impression of 
which our ejfe is susceptible, brings to us, (as Is mathemati- 
cally shewn by tlie .sure knowledge we possess of the velocity 
and aberration of light), the evidence of the most ancient 
existence of matter of which wc arc cognisant By 

a simple combination of ideas, a luminous impression received 
from the depths of star-filled .«pace leads us back more tlian 
a myriad of ages into the depths of primeval time. The 
luminous impression given by streams or showers of falling 
stars, aerolite-discharging fire-'balls, or similar igneous me- 
1cor.s, are of a wiiollv dillerent nature, since thev only kindle 
or become ignited oii arriving at or entering the Earth’s 
atmosphere; and, on the other hand, the falling aerolite 
.'itfords the only instance of actual material contact with 
something foreign to our globe. “Accustomed to know 
iioii-telluric bodies solely by measurement, by calculation, and 
by tlie inferences of our reason, it is with a kind of astonish- 
ment tliat wc toucli, weigh, and submit to chemical analysis, 
metallic and earthy masses ajipertaining to the world with- 
out,” — to the celestial spaces external to our jilanet ; and 
that we find in them our native minerals, rendering it pro- 
bable, as was already conjectured by Newton, that substances 
belonging to one group of cosmical bodies, or to one plane- 
tary system, are for the most part the same 

We are indebted to the diligence of the Chinese, and to 
their habit of recording everything in registers, for the oldest 
chronologically determined falls of aerolitt>s. Accounts ot 
this kind go back to 644 years before our era ; therefore to 
the time of Tyrteeus and of the second Messeuian War of the 
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Spartans, 170 years before the fall of the enormous meteoric 
mass at ^]go8 Potamoi. Edouard Biot has discovered in the 
Ma-tuan-Un, which contains extracts from the astronomical 
section of the oldest imperial annals, 16 falls of aerolites for 
the interval between the middle of the 7th century b.c. and 
the 338d year of oiw era ; whereas Greek and Roman writers 
mention only 4 such phsenoinena for the same interval. 

It is worthy of remark, that the lotiic school, in early 
accordance with our present opinions, assumed the cosmical 
origin of meteoric stones. The impression made on all t!ie 
Hellenic nations by so grand a phtenotnetion as that of 
JSgos Potamoi (at a spot which 62 years later was ren- 
dered still more celebrated by the victory of Lysander over 
the Athenians, which terminated the Peloponnesian IV ar), 
must have exercised a decided and not stifficiently re- 
gardetl influence on the direction and development of the 
Ionic Physical Philosophy (*’*•). Anaxagoras of Cliizo- 
roene was at the ripe age of 32 years wheti this remarka- 
ble event in nature took place. He viewed the heavenly 
bodies in general as stony raas.ses tom off from the Earth 
by the violent action of the revoh'ing force (Pint, de 
plac. Philos, iii, p. 13 j and Plato de legib. xii. p. 0(567), 
and deemed that these solid stony bodies were reudercfl 
glowing by the fiery aether, so that they radiate back the 
light imparted to them by the sether. According to Theo- 
phrastus (Stob. Eelog. phys. lib. i. p. 560), Anaxagoras 
said that, lower than the Moon, and between it and the 
Earth, there move yet other dark bodies, which may occa- 
sion eclipses of the Moon (Diog. Lacrt. it. 12; Origenes, 
Philosophum, cap. S). Diogenes of Apollonia, who, though 
not a scholar of Anaximenei (••*), probably belonged to a 
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period intermediate between Anaxagoras and Democritus, 
expresses himself still more clearly respecting the structure 
of the Universe. According to- liim, as I have already re- 
marked elsewhere, “together with the vi.sible stars there 
move other invisible ones, which are therefore without names. 
These sometimes fall upon the Earth and are extinguished, 
as took place with the star of stone winch fell at *Egos 
Potamoi” (Stob. Eclog. p. 508) 

The “opinion of some natural philosophers” respecting 
igneous meteors (falling stars and aerolites), developed in 
detail by Plutarch in the Life of Lysander (cap. 12), is quite 
that of the Cretan Diogenes*. It is there said, “falling 
stars arc not emanations or rejected portions thrown off from 
the ethereal fire, which, when they come into our atmosphere, 
are extinguished after being kindled ; tlvey are rather celes- 
tial bodies, whicl), having once had an impetus of revolution, 
fall, or sire cast doini, to the Earth by its intermission” 

We find nothing of this vitiw of the structure of the Uni- 
verse, or of the u-^sumption of dark bodies which fall on out 
Earth from the celestial regions, in the teaching of the 
ancient Ionic school, from Thales and Hippo to Empedo- 
cles The impression of tlie great natural event above 

alluded to, which took place iu the 7Sth Olympiad, appears 
to have had a {jowerful effect in calling forth ideiis connected 
a ith the fall of dark masses. In the late pseudo-Plutarch 
writings (Plac. ii. 13), we merely read that the Milesian 
Tliales regarded “all the heavenly bodies as earthy and 
igneous bodies {ytuit} «r«t (^a-i>pa) .” The efforts and ten- 
dencies of the early Ionic physiology were directed to seek- 
ing out the primeval banning of things ; the origin of sub- 
stances by mixture, and ibeir gradual alteration and transi* 
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tion into one another; and to processes of formation by 
solidification or by rarefaction. The revolution of the 
cd^al sphere, "which keeps the Earth stendtast in the 
centre,” is, indeed, already mentioned by Empedocles as an 
active moving cosmical force. As in these first remote pre- 
ludt^j, as it were, to physical theories of an fcther, the fiery 
air, and even fire itself, represent the expansive force of heat, 
so there was connected with this upper ajthereal region the 
idea of an impetus of revolution tearing away rocky fnisr- 
ments from the Earth. Hence Aristotle (Meteoroi. i. 3;i}9, 
Bekkcr) terms the mther " the for-ever-moviug body” — as 
it were, the immediate substratum of motion, — and seeks 
etymological reasons for this assertion (®*®). Therefore wc 
find in the biography of Lysander, " that the intermission of 
the rotative force causes the fall of heavenly bodies as 
also in another place, where Plutarch is evidently alluding 
to the opinions of Anaxagoras, or of Diogenes of Apollonia 
(de Facie in Orbe Lonse, p. 923), he puts forward the state- 
ment, " that the Moon, if its force of revolotion ceased, 
would fall to the Earth, like the stone in the sling” (*’*“) . IV’e 
see in this comparison of the sling, how the idea of a ceii- 
trifngal force of rotation or revolution, which Einpethx-les 
recognised in the (apparent) revolution of the celestial 
sphere, gradually came to have associated with it the corre- 
sponding, or counterpart, idea of a centrifjetal force. This 
force was more clearly and specifically indicated by the most 
sagacious of all the dneidators of Aristotle, Simplicius (page 
491, Bekkcr). He proposes to explain the "non-fnlling" 
of the heavenly bodies by the "force of revolution prevail- 
ing over the proper Ming fore^ or downward traction. 
These are the first presentiments or anticipations respecting 
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active central forces j and in a similar manner, recognising 
as it were the inertness or force of inertia in matter, Joan 
PhilojKinus, of Alexandria, a scholar of Ammonius Ilermete, 
anti probably also of the 6th century, ascribes the motion 
of the revolving planets to a primitive impetus,” which he 
combines with the idea of " falling,” i. e. the idea of “ a 
tendency in all matter, heavy or light, towards the Earth” 
(cle Creatione Muudi, lib. i. cap. 12). We liave thus 
attempted to shew how a grand natural pbmnomenon, and 
the earliest purely cosmical explanation of the fall of aero* 
lites, contributc<l materially to promote, in Grecian antiquity, 
the gradual development, not indeed by mathemulical com- 
bination, of the genns of that which, by the mental labour 
of succeeding centuries, led to the recognition of the laws 
of circular motion discovered by Huygens. 

Commencing with the geometric relations of periodical 
(not sjwradical) falling stars, we direct our attention by 
preference! to that which more recent observations have 
sbervii concerning the “ radiation,” or “points of departure,” 
of the meteors, and their wholly “ planetary velocity.” Both 
these features, of “ radiation” and “ velocity,” characterise 
them, with a high degree of probability, as lumiuous bo<iies 
independent of the Earth’s rotation, arriving in our atmo- 
sphere from “ without,” or from the regious of sj)aoe. The 
North American observations of the “ November period,” 
on the occasions of the showers of falling stars in that 
month, in the years 1B33, 1834, and 1837, had caused the 
direction of the star y Leouis to be indicated as the point 
of departure j and the observations of the “ August phae- 
nomenon,” in 1>839, indicated, in the same way, the star 
‘^Jgol in the consteiiation of Perseus, or a point between 
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Perseus aad Taurus. Approximately, these points or “rx- 
diation-centrus” were the constellations towards which the 
Earth was moving at the respective epochs Saigey, 

who had subnutted all the American observations of 
to a very exact investigation, remarked that the steady 
radiation from the constellation of Leo was observed, strictly 
speaking, only after midnight, in the last tlvree or four hours 
before day-break ; and he further notices, that out of IS 
observers between the city of Mexico and Liike Huron, only 
10 recognised the same general point of departure of the 
meteors as did Denison Olmsted, Professor of Mathematics 
at Xewhaven, ilassachusetts 

The excellent memoir of Eduard Heis, at Aix-la-CliapcJlc, 
which presents in a brief and condensed form very exact 
observations made by liimself on {veriodical returns of falling 
stars at Aix during ten y<sara, contains results respecting 
the " centres of radiation," which are the more important 
bi^causc the observer has submitted them to a rigid mathe- 
matical discussion. According to him (®^), the falling stars 
of the Novembt'r period are characterised by their paths 
being more dispersed than those of the August periotl. But 
in t^ch of the two [veriods there were observed to be, 
simultaneously, more points of departure than one, these 
being by no means always situated within the same constcl- 
latioit, as .since 1833 had Ijeen too hastily assumed. Heis 
found in the August periods of 1839, 1841, 1812, 1843, 
1H44-, 1847, and 1848, in addition to the principal point 
of departure in Perseus, two others situated in Draco ai«l 
in the North Pole order to obtain accurate 

results in resjxsct to the points of departure of the paths 
of failing stars in the November period, in the years 
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1889^ 1841, 1846, and 1847, the mean paths belong- 
ing r®pectively to each of the 4 points (in Perseos, Leo, 
Cassiopeia, and the head of Draco), were laid down sepa- 
rately on a 80-inch celestial globe, and the position of the 
point from which the greatest number of paths took their 
departure was on every occasion deduced. The result de- 
rived from the investigation was, that out of 407 falling 
stars of which the paths were m.arked, 171 proceeded from 
the constellation of Perseus, near the star v in the head of 
Medusa, 88 from Leo, 35 from the part of Cassioireia near 
the variable star a, 40 from the head of Draco, and fully 
78 from undetermined points. Thus the falling stars which 
radiated from Perseus were almost twic* as numerous as 
those from Leo” 

The radiation from Perseus would appear a very remark- 
able fact, as having shewn itself in both periods. An acute 
observer, who has been occupied for eight or ten years with 
the phenomena of meteors, J ulius Schmidt, Assistant at the 
Astronomiciil Obseiratory at Bonn, expresses himself very 
distinctly on this subject, in a letter to myself, written in 
July 1851: — “ Abstracting the abundant falls of shooting 
stars of November 1833 and 1834, as well as some later 
ones, in which the point in Leo seemed to send forth swarms 
of meteors, I am at present inclined to regard the point of 
convergence in Perseus as that which furnishes the greatest 
number of meteors, not only in August, but throughout the 
year. Taking as my basis the values derived from 478 
observations by Ileis, I find that this point is situated in 
50° 3' R.A., and 51® 5' Deel. : this applies to the j-cars 
1S44— 1846.« In November 1849 (7th to 14th), 1 saw 
two hundred more falling stars than, since 1841, 1 had ever 
oVjsened in the month of November. Of these, generally 
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speaking, only a few came from the constellation of Leo ; 
by far the greater number from that of Perseus. Hence it 
appears to me to follow, that the great November phseno- 
menon of 1799 and 1883 did pot reappear at that time 
(1841). Olbers also believed the maximum effect in the 
November jjhmnomenon to have a })criod of 34 years (Kos- 
mos, Bd. i. S. 132 ; English edit. p. 117). Jf we consider 
the directions of the pjitlis^ of the meteors in all their com- 
plication, and have regard to their periodical return, \rc 
find that there are certain points or centres of radiation 
which always recur, and others which appear only sporadi- 
cally and in a variable maimeV.” 

Whether the different points of departure vary from year 
to year, — which, if we assume the existence of "closed 
rings," would indicate an jdteration in the situation of the 
rings in which tl»e meteors move, — canTiot os yet be certainly 
determined from the observations. A fine .series of such 
observations, by lluuzcau (in the years 1839 — 1842),apf»eiirs 
to testify against a progressive variation Eduard lleis 

has shewn very justly (****) that in Greek and Roman anti- 
quity, attention had already Ijcen drawn to a certain tempo- 
rary aoifonnity in the direction in which the falling stars 
shot across the celestial vault ; this direction was thmi re- 
garded as the ellWt of a wind already beginning to blow in 
the higher parts of the atmosphere, and wjus thus belicviid 
to announce to narigators an approaching gale from the 
same quarter, wliich might be expected to descend from the 
upper to the lower regions. 

If the ^nodical streams of shooting stars are distinguished 
from sporadical ones by the general parallelism of the paths, 
or by their rttdiating from one or more determinate fwints of 
departure, a second criterion ia also afforded by the ni««' 
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ber» in a given interval of time^ This brings us to the much 
contested problem of the distinction between an extraordi- 
nary and an ordinary fall of shooting stars. Two excellent 
observers, Olbers and Quetelet, have respectively assigned, 
the one 5 or 0, and the other 8, as the mean or average 
hourly number of meteors visible witliin one personas sjdiere 
of vision on days not cxtraordina 2 y^ The discussion of 
a very large number of observations is required for the elu- 
cidation of this question, wliich is as important as the deter- 
mination of the laws in respect to their direction. I there- 
fore addressed myself with confidence to the already 
mejitioned observer, Julius Schmidt, at Bonn, who, long 
accustomed to astronomical accuracy, has also comprehended 
in his labours, with the animated zeal which belongs to him, 
the whole of the phamomenon of meteors, of which the for- 
mation of aerolites and their precipitation or fall upon the 
surface of the Eartli are regarded by him as only one of the 
pliascs, — the rarest, aiid therefore not the most im}X>rtant. 
The following are tlie principal results contained in the 
comiminications w ith w hich, in compliance with my request, 
lit* has favoured me 

Between ilmto and eight years of observation have given 
for the phaeuomenou of sj>oradic shooting stars the mean 
number of from 4 to 5 per liour : this is the ordinary state, 
UvS distinguished from a periodical phaenomenon. Hie 
mean numbers of ajH^radicall^ shooting or falling stars per 
hour, in the several months, are as follows : — 

January, 3*4 ; February, — ; March, 4*9 j April, 2’4; 

May, 3*9 ; June, 3*3; July, 4*5 ; August, 5*8; Sep- 
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tanber, 47 j October, 4-5 j November, 5’8 j l>eoem- 

her, 4‘0. 

In periodical falls of meteors we maj expect, on the 
average, from 13 to 1 5 in each hour. For a single period, 
that of August, — the stream of St. Lawrence, — we find on 
the mean of from 3 to 8 years of observation, the following 
gradual increase of numbers from the ordinary spormlical, 
to the extraordinary periodical, phwnoraenon : — 




Number of 

Number of Veers 

Time. 

Meteor* per lloiu-. 

of Obscrralion. 

6th August . . 

. . 6 . . . 

. . 1 

7th 

* 

. . 11 . . . 

. . 3 

8th 

i} - • 

. . 15 . . . 

4 

dth 

iS * * 

. . 29 . . . 

. . 8 

10th 


. . 31 . . . 

. . 6 

11th 

$f 

. . 19 . . . 

. . .5 

12tli 

JJ • • 

. . 7 . . . 

. . 3 


August of the last year, 1831, (n single year therefore) 
gave jier hour, notwithstanding the bright moonlight,— 


7tb August 

. . . 3 meteors. 

8th „ . . . . . 

. . . H „ 

9th „ ..... 

... 16 „ 

16th „ ... . . 

... 18 „ 

1 1th ,, . « « . « 

... 3 ,, 

12th „ . . . . . 

... 1 meteor. 
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According to Heis, there were observed^ on the 10th of 
August — 

In 1839, in 1 hour . , . , , 160 meteors.' 

In 1841 j, • . , , « 43 ,, 

In 1848 „ 50 „ 

In 1842 there fell, in the August stream of meteors, at 
the time of the maximum of the phaenomenon, 34 shooting 
stars in 10 minutes. All these numbers refer to the sphere 
of vision of one observer. Since 1838, the November falls 
have lieen less remarkable. (However, on the 12th of No- 
vember, 1839, Ileis still counted from 22 to 33 meteors 
per hour ; and on the 13th November, 1S46, from 27 to 
33.) So much do (lie streams of nieteors differ in abun- 
dance in particular years. The number of falling meteors 
is, however, always considerably greater at those periods 
than in ordinary nights, which shew only 4 or 5 sporadi- 
cally shooting stars in an liour. It is in January (reckon- 
ing from the 4th), in February, and in March, that meteors 
appear to be most rare’' 

“Although the Angusd and November periods are, with 
reason, the most remarked, yet, since falling stars have been 
observed with greater watchfulness and exactness, both in 
regard to number and })ara!lelism, five other periods have 
also been recognised : — 

January : the two or three first days, from the 1st to 
the 3d; still somewhat doubtful. 

Ajirtl : 18th or 20th ? previously conjectured by Arago. 
Great streams occurred on the 23th of April, 1095 ; 22d 
April, 1800; 20lh April, 1803 (Kosmos, Bd. i. S. 404; 
Fogl. ed, p. xxix. Note 74; Apnuairc pour 1830, p. 297). 

May: 2()th? 

VOL. m. 


A A 
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July: 2Cth to SOth ; Quetelct. Maximum more par- 
ticularlv between the 27th ami 29th Jnijr. The lamented 
Edouard Biot found from the oldest Chinese observations 
a gcncnd inaximum between the IHth and 27th of July, 

Auyaxt : but prior to the stream of St. Lawrence, and 
particnlarly between the 2d and 5th of the month. For 
the most part no res'uhu' iuereasc is observed from tlie 
2tUh of July to the I0th>jf August. 

The *' Augmit period," or " stream of St. Law- 
rence" itself; IMuschenhroeck and Braudes (Kosinos, 
Bd. i. S. 180 and tOU ; English edit. pp. 1 14 andxxviii. 
Notes 71 and 78). A decided maximum on the 10th of 
August observed for many years. (An ancient tnulition 
prevails in Thessaly, in the mountainous districts around 
Mount i’elion, that during the night of the Feast of the 
Traiisfiguratinti, ot» the 0th of August, the heavens open, 
and lights, or candles, aj’pear in the mid.st of t!ie 

ojK-niug. Herrick, in Silliman’s Amer. Jour. Vol. xxxvii. 
1839, p. 337 ; and Quetelet, in tjie Nouv. Mem. de 
I'Acad. de Bruxelles, T. xv. p. 9.) 

Octohey : the llUh and about the 26th. Quetelct; 
Boguslawski in the “ Arheiten der schle.<», Gesellschaft 
feir vaterl. Cultur," IS 13, S. 178; and IIei.s, S. 33. 
Heis brings together observations of the 2l8t Oct. 1766, 
18th Oct. 1838, 17th Oct. 1841, 24th Oct. 1815, 
11th— 12th Oct. 1847, and 20th— 36tli Oct. 1848. 
(On the three October phamotciemt in the ye.afs 902, 
1202, am! 1366, see Kosmos, Bd. i. S. 133 and 398; 
English edit. p. 118 and p. xxiv.) The conjecture oi 
Boguslawski, that the Chinese meteor-swartfis of 1 Stli— 
27th July, and the great fall of shooting stars of 1360, 
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on the 21fit October (Old Style), were the August and 
November periods which have now moved forward, loses 
much of its weight by tlie considerable amount of new 
experience gained from 1838 to 1848 

Noi’emher : 12th to 14th day; very rarely the 8th or 
10th. The grejit fall of meteors at Cumana, 11th — 12th 
November, 1799, which was described by Bonpland and 
myself, so far gave occasion Jo the belief in periodically 
returning phenomena on determinate days, tlmt when the 
siiniiarly great meteor-fall of 1833 (Nov. 12th — 13th) 
look place, the jdwjnomenon of 1799 was remem- 
bered • 

Decembn- : 9th — 12th; but, according to Brandcs’ 
observation, Dec. 0th — 7th, in 1798 ; Herrick, in New- 
haven, 1838, Dec, 7th— 8th ; Ileis, 1847, Dec. Stb 
and lOth. 

Tliese eight or nine epochs of periodical streams of me- 
teors, of which the Iasi five are tlie best as-sured, are here 
rccomnieiuled to tijo diligence of observers. Not only do 
the streams diiVer from each other in dilTercut months, but 
also the abundance mul brightness of the same stream differ 
strikingly in different years. 

" The upper limit of the lieight above the Earth of falling 
stars cannot be accurately made out, and Olbersv already 
regarded all heights of above 30 Geyman, or 120 English 
geographical miles, as very uncertainly determined. The 
lower limit, formerly a.ssigned as usually about It) miles (or 
upwards of O.IOOO feet), must be considerably diminished. 
Some are fouled by incasuremettt to descend almost as low 
as the summits of Chimborazo and Aconcagua, or to within 



4 ge(^;mpMcsl miles of the level of tbe see. tile oilier 
hand^ Hds remarks that, by esxact ealcolatioiij a shooting 
stat seen on the 10th of July, 1887, simultaneously at BOr. 
lia and at Breslau, shone out first at an elevation of 62 
German, or 248 English miles, and disapjieared sd the 
height of 42 German, or 168 English miles: other 
shooting stars, on the same night, vanished at the height of 
56 English geographical mi||e8. From the older investiga- 
tion of Brandes {1828), it followed that out of 100 shooting 
stars seen and well measured from two stations, 4 had an 
elevation of only from 4 to 12 English geographical miles, 
15 between 12 and 24; 22 between 24 and 40; 35 (about 
one-third of the whole number) between 40 and 60 ; 13 
between 60 and 80; and only 11 (about one in ten of the 
whole) above 80, these being, indeed, mostly between 180 
and 240 English geographical miles. The inferences in 
respect to the colour of shooting stars, derivetl from a col- 
lection of 4000 observations, extending over 0 years, were : 
that are white, f yellow, orange, and only green.” 

Olbers remarked tijat, at Bremen, during the. fall of me- 
teors in the night of the 12th — 13tli Novemlier, 1838, there 
was a fine Aurora Boresdis, which covered a lai^e portion of 
the heavens with a vivid b!ood-re<l light ; and that the falling 
stars which shot acro.ss this region presen’ed their whiteness 
unimpaired. lienee it may be iufi*rred that the beams of 
tbe Aurora were furthej* from the Earth than the shooting 
stars, when these last became invisible in their fall (Schum. 
Astr, Nachr. No. 372, S. 178). 

The relative velocity of motion of shooting stars has 
hitherto been estimated at from 4| to 9 German, or 18 to 
36 English geographical miles in a second ; while the Earth 
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has only « velocity of translation of 4-1 German, or 16*4 
Englisli geographical miles (Koamos,.Bd. i. S. 127 and 400; 
Elnglish edit. p. 112 and xxv. Note 68). Corresponding 
oba^atioiis by Julius Schmidt, at Bonn, and Heb, at Aix-la> 
Chapelle, in 1849, gave, indeed, as the minimum velocity of 
a shooting star, which was seen at a perpendicular height of 
48 miles above St. Goar, and moved in the direction of the 
Bake of Laach, only 14 English geographical miles. Ac* 
cording to other observations of the same observers, and of 
Houzeau at Mons, however, the velocity of four shooting 
stars was found between 46 and 95 Euglbh geographical 
miles in a second, therefore twice and five times as great as 
the planetary velocity of the Earth. The strongest evidence 
of a cosmical origin is horded by thb rc-sult, takaa in cou* 
nection with the circumstance that periodical shooting stare 
continue for several hours to proceed, independently of the 
Earth’s rotation, irom one and the same star, although the 
direction of the star may not be that towards which the 
Earth is then moving. 

According to existing measurements, balls of fire appear 
on the whole to move more slowly than shooting stars. 
When meteoric stones drop from fire-baUs, it is deserving of 
remark to how small a depth they sink into the ground. 
The mass, weigliing 276 pounds, wliich fSil on the 7th of 
November, 1492, at Eosbheim, in Alsace, only penetrated 
to a depth of about 3 feet ; and the same was the case with 
the aerolite of Brauuau, on the 14th of July, 1847. I only 
know of two met^ric stones which tore up the loose soil to 
a depth respectively of 6 and 1 8 feet ; the aerolite of Castro 
Villari, in the Abruzzi, of the 9th of February, 1583, and 
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th«i of Hradscbina, io the Agram district^ 26th of &f aj, 
1751.* 

The question whether, in shooting stars, any sabstance 
Ihlis to the earth, lira been much discussed, and opfxisite 
opinions have been entertained. The straw-thatclied roofs 
of the Commune of Belmont (Departement dc I’Air, Arron- 
disscment Belley), wluch were set on fire by a meteor on the 
night of the 13th of November (the epoch, therefore, of the 
November phsenomenon), were igniteil, it would apjwar, not 
by the fall of a shooting star, but by a bursting fire-ball, 
which, from the account given by Millet d’Aubenton, is 
supjmsed, (though this is uncerfciin,) to have let fall aerolites, 
A similar conflagration, occasioned by a ball of fire, hap- 
pened <Mj«thc 22il of March, 1846, at in the afternoon, in 
the Commune de St-.Paul, near Bagn6rc dc Luclion. The 
fall of stones which tot>k place nt Angers on the 9th of June, 
1822, was, on the other hand, attributed to a fine shooting 
star seen near Poitiers. This phienoinenon, which has 
not been described with suflicient fulness, deserves the 
greatest consideration. Tlte falling star in question resem- 
bled much what are called Roman Candles in fireworks. It 
jefl behind a straight train or streak, very narrow in the 
upiHT, and very broad in the lower part ; of great bright- 
ness, and lasting ten or twelve minutes. Sixty-eight mite 
north of Poitiers an aerolite fell, accompanied by loud deto- 
nations. 

Do the substances of which the shooting stars consist 
always burn or consume in the outennost strata of the 
atmosphere, whose refracting'power is shewn by the pheno- 
mena of twilight ? The difierent colours exh(J)ited, as men- 
tioned above, during the process of combustion, appear to 
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indicate chemical diversity of substance. The form of 
these igneous meteors is also extremely variable: -some 
appear only as phosphoric lines, and these so slender and 
numerous, that Forster, in the winter of 1832, saw the sky 
appear illuminated by them, as if covered by a faintly sinning 
veil Many shooting stars move merely as sliiniiig 

points, and leave no tail or train belhnd. The continued burn- 
ing shewn in the more rapid or slower disapj)earance of the 
trains, which are usually many miles in length, is the more 
remarkable, because the burning train sometimes bends into 
a curve, and makes but little progressive movement. The 
circumstance observed by A-diniral Krusenstern and his 
companions during tlieir voyage of circumnavigation, of the 
lumino.sitv contiiming for some hours of the train qf a fire- 
ball which had itself long disappeared, recalls vividly to ouj 
remembrance the ‘'long shining” of llie cloud from which, 
according to the not indeed altogether trustworthy narration 
of Damachos, the aerolite of *Fgos Potamoi is suppose<l to 
have fallen (Kosmos, lid. i. S. 395 and 107 ; English edit, 
pp. xxi. and xxxii. Notes 60 and 87). 

There are shooting stars of very diflerent magnitudes, 
their apparent diameters somctiinc.s increasing until they 
are ecjual to that of Jupiter or Vciius. In the fall 
of shooting stars at Toulousi', 10th April, 1S12, and on 
the occasion of a boll of fire ob.scrved at Utrecht on tlie 
23d of August of the same year, a body of large dimensions 
was seen to accrue, ns it were, from a luminous point, first 
shooting upwards with (he apj>earance of a star, and then 
expanding into a globe equal to the apparent rnaguitude of 
the Moon. Jn very abundant falls of meteors, as in those 
of 1799 and 1833, inajiy fire-balls were undoubtedly inter- 
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^rsed among thousands of shooting- stars ; bat the idenlitj 
of two kinds of igneous meteors is neverthelesst as yet, 
by no means proved. Affinity is not identity. There still 
remains much to be investigated in the physical rdations <4 
both these classes ; — as also respecting the effect, rennirked 
by Admiral Wrangel on the shores of the Icy Sea('®i}, 
produced by shooting stars on the development of tlie 
Aurora Borealis ; — ^and the many vaguely described, indeed, 
but not therefore to be hastily denied, luminous processes 
which appear to have preceded the formation of some fire- 
balls. In the greater number of cases, balls of fire have 
appeared unaccomjMuried by falling stars; and there has been 
nothing periodical in the pUfienomenon. What we know of 
shooting , 4 tars, in res^iect to their radiation from particultur 
points, can for the present only be applied with great caution 
to fire-balls. 

Meteoric stones fall, in very rare cases, with a perfectly 
deer sky without the previous formation of a black meteor- 
cloud, and %vithout any luminous phenomena being seen, 
but with a loud and terrible erashiug sound, as at 
Klein Wenden, not far from Muhihauseu, on the Ifith 
of September, IBIS; — or, which is a less rare case, 
they are hurled from a suddenly formed dark cloud, accom- 
|«nied with phsenomena of sound, but without light ; — and 
lastly, and this is the most freciucnt case, the fall of met<!<>ric 
stones takes pboj in close connection with bright fire-balls. 
Wdl-described and indubitable examples of this connection 
are afforded by the falls of stones at Barbotan (Bep. des 
liundes), on the 24tb of July, 1790, accompanied by the 
appearance, at the same time, of a red ball of fije and a small 
meteoric cloud from which t^je aerolite fell; th® 
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fsJi of 8 stone at Benares, in Hindostan, on the 13th 
ofitecomber, 1798; and that which took place at Aigle, 
ia the Departement de I’Orne, on April 26th, 18(?8. 
This last-named phaenomenon — which, of all those that 
have been enumerated, is the one which has been most 
carefully examined and described /by Biot), and which 
occurred twenty-three centuries after the fall of the 
great stone in Thrace, and thr,ec centuries after a friar 
had been killed by an aerolite at Crema (7“3), — finally pre- 
vailed over the scepticism which appears to be indigenous in 
academical bodies. The following is the description of the 
phaenomenon of 1803 ; — At Alen^on, Falaise, and Caen, at 
1 P.M., a large ball of fire was seen moving from S.E. to 
N.W., with an everywhere perfectly clear sky. A few mo- 
ments later, at Aigle, an explosion lasting five or six minutes 
was heard, taking place in a dark, almost motionless, very 
small cloud : it was followed by three or four detonations 
like cannon-shots, and by a noise resembling the fixe ol 
small arms and the roll of many drums. At each explosion 
some of the vapours forming the small dark cloud were seen 
to detach themselves and float away. At this place no lumi- 
nous plnenomena were perceived. At the same time there 
fell, on an clliptically shaped piece of ground, of which the 
major axis, running from S.E. to N.W., was nearly five 
English miles in length (1'2 German geographical mile), 
many meteoric stones, of which the largest weighed 
174 pounds. The stones were hot, but not red hot 
smoked sensibly, and, which is a very striking circumstance, 
were more easily broken in the few first days after tlieix fall 
than substsqucntly. 1 have purposely dwelt the longer on 
this phienomenon, because I wish to compare it with one 
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which took place on the 13th of September, 1703. On 

that day, at half-past four in the afternoon, near the villago 

of Luce (Departement (le I'Eare et Ijoire), four miles west 

of Chartnis, a dark cloud was seen, and there was heard to 

come from it a noise like a canno«i-shot, followed hmno 

diatcly afterwards by a hissing in the air, occasioned by the 

fall of a black stone moving in a curve. The fallen stone, 

which wsis half sunk in t he earth, weighed 7 ]- pounds, aud 

* 

was so hot that it could not he touched. It was analysed, 
but only in a very iiniMjrfect manner, by Lavoisier, Fouge- 
roux, and Cadet. So fm as was [icrceived the whole occur- 
rence was unacco{n{>anicd by any huninous pliteuomcna. 

As soon as j>eriodical falls of shooting stars became an 
object of observation, so that on particular Jiights tiidr a[)- 
lK«.rance was watched and waited for, it was remarked that 
the frequency of meteors increased with increasing time from 
midnight, and that (be greatest number fell between 2 ami 
5, A.M. Even in the great fall of meteors at Ciunaiia in 
the night of the llth to 12th of November, 1799, my tni- 
vclling cotupuniou fiad seen the greatest abundance of .slioof- 
ing stars between the hours of 2 i ami 4 a.m. A very meri- 
torious observer of these phamoinena, Coulvier-Gravier, pre- 
sented an iinportmit memoir *‘!3nr la variation horaire dcs 
^‘toilcs fdantes," to tiie Itjstitut of Paris, in May 131.5. It 
is very difficult to divine the rea'Km of such an “ horary 
variation,^' or why the distum c from midnight should indaence 
these pliaetiomena. If it .should be established that, under 
different meridians, shooting stars are not seen in their 
greatest abundance mitii a certain detenuinatc period be- 
tween midnight and day-break, we should b^ve to assume, 
together with a otx^nncai origin, the not very probable 
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hypothesis that these hours of the night, or rather of the 
early moruiag;, are peculiarly favourable to the " ignition,’^ 
or luminousness, of falling stars ; th(^ which shoot in the 
hours before midnight reinainiug more often invisible. We 
must long continue to persevere in collecting observations. 
The principal characteristics of the solid masses which fall 
from the atmosphere, both as resju'cts their chemical reia- 
tiou.s, and their granular texture which has been examined 
more i)articularly by Gu?tav Ilosc, have been treated by me 
in my first volume (Kosmo.**, lid. i. tl. l^ld— 137 ; English 
edit. p. 119 — 12^) with I believe tolerable completeness, 
according to the state of our jtnowledgc at that time (ISi.o). 
The successive labours of Howard, Klaprotli, Thexiard, 
Vanqiielin, Proust, Bcretliu-s, Stromeyer, Laugicr, Dufres- 
iioy, Gustav and lleiiirich Rose, Boussing;iult, llainmels- 
berg, and Shepard, have suppliird a rich harvest ; but 
it may not be inappropriate to remember, lliat probably two- 
tliirds of the meteoric stones which have fallen arc hidden 
from us in the depths of the sea. Although iMjroiites from 
all zones, and from the most widely dispersed places, — iu 
Greenland, Mexico, and South America, Europe, Siberia, 
unci I lindostan,— exhibit an obvious physiognomic simi- 
larity, when examined more closely they are also found 
to [)resetit great diversities. Some contain 9(5 per cent, of 
iron, othens (Siena) scarcely 2 per cent. Almost all have a 
(bin, bhick, shining, atul at the same time somewhat veined, 
crust or coating; but in one (that of Chantonnay), this crust 
was entirely wanting. The specific wciglit of some meteoric 
t^tones is a.s great as •4‘2S, while in the carbonaceous stone 
of Alai.s, consisting of friable lamellic, it was found to be 
only l-p.}.. Some (Juvenas) iia'<e a texture re-scmbliug th.at 



ia vliidt ei^rstallised olivine, aogite, and anoir- 
thiie, can be severally rccc^oised; others (as the mass of 
ftdlas) shew merely iron, containing nickel and olivine; 
while others again (judging by the relative proportions (d 
the ingredients) are aggregates of hornblende and aibite 
(Chateau-Renard}, or of hornblende and labradorite (Blansko 
and Chantonnay), 

According to a general review of the results which have 
been derived by Professor Rauimelsberg, — an acute chemist 
who has recently occupied hitnself uniuterruptcdly, with 
equal activity and success, with the analysis of aerolites, and 
with their composition from«simple minerals, — “ the dis- 
tinction of masses which have fallen from the atmosphere 
into two classes — ^viz. meteoric iron and meteoric stones — is 
not to be taken rigidly and absolutely. We find, although 
rarely, meteoric iron with ijdermingled silicates, (in the 
Siberian mass of 1270 Russian pounds, which has been re- 
weighed by Hess, there are interspersed grains of olivine) ; — 
and, ou the other hand, many meteoric stones contain 
tallic iron, 

"vf. Meteoric iron, — the fall of which has only in a few 
cases been actually observed by eye-witnesses (Hrailschina, 
Agram, 26th of May, 1751; and Brauuau, 14th of July, 
1847), while the greater number of analogous masses have 
remained long on the surface of the ground, — ^lias in general 
very similar physical and chemical qualities. It almost 
always contains, in finer or coarser particles, a sulphurct 
of iron, which does not, however, appear to be either 
iron pyrites or magnetic pyrites, but proto-snlphuret of 
iron (’®®). The principal mass in such cases does not con- 
sist of a pure metallic iron ; it is formed rather of an alloy 
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of ifon and nickel : so that the presence of the nickel, which 
ip a constant ingredient (on an average 10 i)er cent., some- 
times rather more, and sometimes rather less), is justly re- 
garded as an excellent criterion of the meteoric character of 
the entire mass. It is simply an alloy of two isomorphous 
metals, not a combination in delinitc proportions. We also 
find intermixed in smaller quantities cobalt, manganese, 
magnesium, tin, cop])er, and carbon. The last-named sub- 
stance is ]>artly raeohauically interspersed in the form of 
graphite difficult of combustion, and partly chemically com- 
bined or united with iron ; analogous, therefore, to much 
bar-iron. A mass of meteoric iron also always contains a 
peculiar combination of phosphorus with iron and nickel, 
which substances, on dissolving the iron in hydrochloric 
acid, remain behind in the form of microscopic crystalline 
needles and himellaj of a silvery whiteness.” 

" B, Meteoric stones, more strictly so called, — are usually 
divided, according to their c.xtenial appearance, into tw'o 
classes. In one of these, the appsireutly homogeneous and 
j)rinci})fil jwrtion of the mass shews inters|)ersed grains and 
spangles of meteoric iron, which are attracted by a magnet, 
and are quite similar in their nature to meteoric iron, found 
by itself in lat^'r masses. To this class belong, for example, 
the stones of Bknsko, Lissa, Aigle, Eusisheim, Chajitonnay, 
Klein Wenden near Kordhausen, Erxlebcn, Clmtmi-ii^ard, 
imd Utreclit. The other class is free from metallic inter- 
mixtures, and presents rather a crystalline assemblage or 
mixture of' different mineral substances j as, for example, in 
the stones of Juvenas, Lontalax, and Stamjcru.” 

After the first chemical examinations of meteoric stones 
made by Uovvard, Klaproth, and Vauquelin, the jiossibility 
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of Uieir consisting of aa assemblage of distinct combinations 
was for a long time not adverted to their component parts 
were examined only generally, and it was thought sufficient to 
remove by means of a magnet any metallic iron wliich might 
be contained iu thorn. After Molis liad drawn attention to 
tlie analogy of some aerolites with certain telluric kinds of 
rock, JSiordenskjoId attempted to shew that olivine, li^uciie, 
and niiigiictic iron, were tlie constituent parts of the aerolite 
of Lontalax, in Finland ; but the line obsiTvatioiis of Gtistav 
Ilose have shewn beyond a doubt that the meteoric stone of 
Juvenas coiusisls of magnetic pyrites, augite, and a feldspar 
whicli has mucli resemblance to labradorite. Berzelius was 
thus kd to examine by chemical methods the mineral nature 
of the several oonibinatioiis in the aerolites of Blansko, Chaii- 
toimay, and Alais (Kongl. Velcnskajis Acadeiuiens Hamllin- 
gar for lS3t). Tlte path thus happily indicated bv Ber- 
zelius has been since extensively pursued. 

" a. The first and more nutuerous class of meteoric stones), 
viz. those with metallic iron, contain tliis substance, some- 
tiiries in minute interspersed particles, atul sometimes in 
larger numes, whicli occasionsiliy even form, as it Were, a 
connected iron skeleton, thus constituting a transitional 
link with those mas-scs of meteoric iron in which, as in the 
Siberian ma.«s of Pdlas, other sulistances are not found. 
The olivine which they always contain causes them to be rich 
in magnesia, and is itself the ingredient which is decompos(;d 
when these meteoric stones arc t reated w ith acids. Bike the 
tellarie olivine it is a silicate of magnesia ami protoxide 
of iron. The jiart of the stones which is not attacked hj 
acids is a mixture of /elds|»itic and augitic substances, the 
nature of which can only bp determined by catculation from 
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the whole of the mixture (as kbradorite^ hornblende, augite, 
or oHgoklas). 

«/?. The second, much rarer, class of meteoric stones lias 
been less examined. These stones .-sometimes contain mag- 
netic iron, olivine, and some feld.'‘patic and augitic sub- 
stances ; and sometimes thc;y' consist merely of the two last 
mentioned simple minerals, and the feldspar is then repre- 
sented by anortbite ( 707 ). Chromate of iron (protoxide of 
iron, oxide of chromium) is found in small (juantities in 
almost ell meteoric stones: phos|)horic acid and titanic 
acid, discovered by Iljnunicl.'^berg in the remarkable stone of 
Juvenas, may {>erhaps indicate the presence of apatite and 
(jtanite. 

" The simple substances which have as yet been shewn to 
exist in meteoric stones are the following : — O.vygen, sul- 
phur, phosphorus, carbon, silicon, aliiniiiuim, nnignesium, 
Ciilcium, potassium, sodium, iron, nickel, cobalt, chrome, 
niantrancsp, copper, tin, and titaniiiin j being iii all IS sub- 
stances The more immediate componevits are — 

(/, nwRaUic ; an alloy of nickel and iron, a comjwund of 
phosphorus with iron and nickel, sulithide of iron, n?ul 
nmgnetic pyrite.s ; — oxydised : magnetic iron ami chro- 
mate of iron ; — r, silicate.s : olivine, anorlliite, lubiadorite, 
and augite." 

It would still rcmuiit for me, with the view of concentrat- 
ing in this place tlic greatest po.<.'il)le nmnlH r of importimt 
facts, taken apart from hypothetical amicipathnis, to point 
out tlie many analogies which some meteoric stones [)n?.sctit, 
it regarded as rocks, with the ohler trap rocks (doleriU's, 
diurites, and mclnphyres), and to basalts and more recent 
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lavas. These analogies ar»the more striking, because tb 
"metallic alloy of nickel luid iron, is constantly con 

tsJned in certain meteoric masses,” has not hitherto beei 
discovered in telluric minerals. The same distiuguishe< 
chemist of whose friendly communications I have availec 
myself in the last fe»v pages, has enlarged upon this subjec 
in a separate treatise P®*), the results of which will be mon 
appropriately noticed in the geological portion of tin 
Cosmos. 
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Conclusion. 


In concluding the Uranologicd j)ortion of the physical 
description of the Universe, and casting a retrospective 
glance on what has been attempted, — I will not say accom- 
plished, — I feel it nece.ssary, after the execution of so diffi- 
cult an undertaking, to remind my readers afresh, that ita 
accomplishment was only possible vmder the conditions 
which were indicated in the introduction to the third 
volume. The attempted cosmical treatment of Uranology is 
limited in its design to the presentation or description of 
what we know of the celestial spaces and the matter by 
which they are occupied, whether agglomerated into spheres, 
or existing in an uncondensed or unagglomerated form. 
The work undertaken is, therefore, in its nature essentially 
distinct from the more comprehensive meritorious works on 
astronomy in the different literatures of the present time. 
Astronomy itself, regarded as a science, and as the triumph 
of mathematical combination, based on the secure founda- 
tion of the doctrine of gravitation, and on the degree of per- 
feefion attained by tire higher analysis as the intellectual 
instrument of investigation, treats of the pluenomena of 
motion, as m^sured by time and space ; of the locality or 
position of the celestial bodies their continually varying 
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religions to cAch other; of chAn|^ of foroi;, aa in tailed 
comets ; aud changes of light, amounting even to new appa- 
rition and entire extinction of light in distant suns. The 
quantity of existing matter in the Universe remains, it is 
believed, always the same; but, according to what has been 
almdy investigated of the physical laws of nature in the tt;l- 
turic sphere, we tliere see ever recurring, as if ever unsatisfied, 
iif^nffe ceaselessly prevailing in countless aud indescribable 
combinations, in the perpetual circle of the permutation of 
substances. This manifestation of force or power in matter 
is called forth by its, at least apparent, elementary hetero- 
geneity. Exciting motion iix jjortions of space immeasora- 
bly small, the heterogeneity of substances complicates all 
.problems relating to terrestrial processes of nature. 

Astronomical problems are more simple in their character. 
Celestial mechanics, as yet free from the complications 
alluded to, and directed to considerations relative to the 
quantity of ponderable matter, i. <•. to mass, and to light- and 
heat-exciting ondulations, have, by nason of this simjilieity, 
m which everything can be reduced to motion, remaineri 
amenable throughout to mathematical tresdment. It is tliis 
advantage which gives to treatises on thcordical astronomy 
a great and peculiar chann. There is rotlected in them 
what the mental labour of the last few cent uries has achieved 
by anah'tical methods : we see in them how forms and 
orbits have been determined; how, in the phmnomena of 
the motions of the planets, small iluctuations take place 
roand a mean state of equilibrium ; and how the preserva- 
tion and ])ermanence of the planetary system arc provided 
for by its internal structure, and by the eqmUbrium of mu* 
tuaily coro|)ensatiug pcrtiurbations. 
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Tlie examination of the means, or methods, by which we 
have thus arrived at the comprehension of the Universe, 
and the ccsplanation of the intricate phaenomena of the* 
heavens, do hot belong to the plan of the present work. 
The "Pbysicid Description of the Universe” tells of the con- 
tents of space, and of the organic life which animates it, in 
tlie two sphere* of uranologic and telluric relations. It 
dwells on the discovered laws of imture, and treats them 
fiicts achieved and ascertained, — as the direct results of empi- 
rical induction. In order tliat a work on the Cosmos might 
be executed within its appropriate limits, and without ac- 
quiring an immoderate extensios, it was necessary that it 
ghonld not jdtempt to propound theoretically the bases of 
the connection of phwnomena. In the view of this limita- 
tion of the pro[)osed plan, I have devoted the more dili- 
gent care, in this astronomical volume of the Cosmos, to 
the several facts and to the order of their arrangement. 
From the consideration of cosmical space, i. e. its tempera- 
ture, its degree of transparency, and the resisting medium 
which fills it, I have jnocceded to the subjects of natural and 
telescopic vision j the limits of visibility ; the velocity of 
light according to its different sources ; our imjx'rfect mea- 
surements of the intensity of light j and the new optical 
means of discriminating between direct and reflected light. 
Then follow, — the heaven of the fixed stars ; the hmnbcrs of 
its self-luminous suns, so far as their positions arc known to 
MS, and their probable distribution ; the variable stars which 
have well-mcasureti periods; the proper motions of the 
fixed stars ; the hypothesis of the existence of dark bodies, 
and their influe^icc on the motions of double stars ; and 
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lastly nctjulse, so far as these are not remote tnd Very dense 
Clusters of stars. 

The transition from the sidereal portion of Utaimlogy,— 
liN>m the heaven of the fixed stars, — to our solar system, is 
only the transition from the universal to the particular. In 
the class of double stars, self-luminons cosmical bodies move 
round a common centre of gravity : in our solar system, 
"' vrluch is composed of vpty heterogeneous elements, dark 
cosmical botUca revolve around a self-luminous one, or rather 
round a common centre of gravity whifdi is sometimes 
witltin and sometimes without the circumference of the 
central body. The several tocrabers of the solar domain are 
more dissimilar in their nature than for many ccnturi(»s there 
had been reason to suppose. They divide themselves into 
primary planets, and secondary ones or satellites, the pri- 
mary planets having among them a group in which the orbits 
intersect each other ; — ^an unascertained number of comets; 
— ^the ring of the zodiacal light ; — and, with great probabi- 
li^, the periodic metW)r-asteroids. 

It still remains to slate expressly the three great laws 
discovaed by Kepler, in their actual application to the ttio- 
tk>ns of the planets. First law ; Every path of a planetary 
body is an ellipse, liaving the Sun in one of its foci. Second 
law : Every planetary body describes round the Sun equal 
areas in equal times. Third law : the squares of the periodic 
times of revolution of two planet* ore to each other as the 
oibes of their mean distances. 'Fhe second of these laws is 
sometim&i called the first, because it was discovered earlier 
-than the others. (Kepler, Aiftronoraia nova, sen Pbysica 
eoelestis, tradita commentariis dc molibus #teH» Martis, ei 



observ. T^cboni# Brain elaborata, 1609: compare cap. xl. with 
cap. Hx,) The two first law.s would be applicable if there were 
ouly oae tingle planetary body in existence; the third and. 
most important of tl;e three, which was discovered nineteen 
years later than the other two, determines the law of tlus 
motions of t«’o planets. (The manuscript of the llarmonice 
Mimdif which was publialied in 1619, was completed on the 
27thof May, 1618.) 

If the laws of the planetary motion.s were empirically dis- 
covered in the beginning of the 17th ctTitury, and if Newton 
first unveiled the force from whose action Kepler’s laws 
must be regarded as necessary consequences, the end of 
the 18lh century, through the new paths opened to the 
investigation of astronomical truths by the improvement of 
the infinitesimal rulculus, lia.s the merit of jniving demon- 
strated the " stability of the planetary system.” The prin- 
cipal, elements of this stability are, the invariability of tire 
major axes of the planetary orbits demonstrated by Laplace 
(i773 and 178-1), Lagrange, and Poisson; the long perio- 
dical variation, restricted within narrow limits, of the excen- 
tricities of two large and reraote planets, Jupiter and Saturn; 
the. distribution of the masses, since the mass of Jupiter 
itself, the greatest of all the planetary bodic.s, is oidy 
of that of the nil-controlling central body ; and lastly, 
the arrangement, that by the priinordhd plan of creation, 
and by the mode of their origination, all the planets of 
the 8f)lar system move in one dirt*ction both in regard 
to hanslatiou and to rotation, in orbits of small and little- 
varying elliptieity, and in planes liuving only moderate 
dift ereuces of inclination » and that the periods of i-cvolutiou 
of the different planets have no common measure. 
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Thi’*§e eleaxents of stubiUty, olements as it were of the 
preservation and conltnuiuice of the of the planets, 

‘are attached to the condition of mutual action within the 
interior of a circumscribed circle. If by the arrival from 
the regions of exterior space of a cosmical body not pre- 
viously belonging to the system^ this condition cease (Laplace, 
Expos, dll Syst. du Monde, p. 309 and 391), then, indeed, 
there rniglit ensue, as thc^ result either of new forces of at- 
traction or of a shock, consequences injurious or destructive 
to that which now exists, until at hist, after a long contlict, 
a new equilibrium should be produced. Tlic consideration 
of tlie |K)ssible arrival of a comet in a hyjKjrbolic path from 
remote regions, even though the smallness of its mass should 
lx* compensated by an enormous velocity, could only occasiryri 
uneasiness to ail imagination which should be inaccessible to 
the reassuring deductions of tlie calculus of probabilities. 
Those tnivcdling clouds, the interior comets of our systeiu, 
are as far from l>eirig dangerous to the stability of the 
system, as are he great inclinniions of the orbits of some rf 
the smuli ]>lanets situated between Mars and Jupiter. That 
winch must be designatr?rl as a mere pi^mibiliiy lies bcvoiid 
the domain of a Physical Description of the Universe. 
Science ought not to pass from ibs true domain into the 
misty land of cosmological dreams. 
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bkctification* and additions to this volume. 


Pages 35—36. 

See. iiditor’s Note at the foot, of p. 36. 

Pages 55 — 56. 

The singular phaenonienon of the apparently fluctuating 
motion of a star ha.s been recently observed again. It vras 
seen by very trustworthy witnesses at Treves, on tlie 20th of 
January, 1H51, betw'cen 7 and 8 in the evening. The star 
was Sirius, and wms netir the horizon at the time. See the 
letter of the Head Itliuster of Mathematics, Herr Fleseh, in 
Jalin’.s Untcrhaltungen fiir Freunde der Astronomic. 

Pages 112 and lix.. Note 

The lively wish which 1 had expressed, to be enabled to 
truce with more certainty the historical epoch within which 
tl.e disappcaradbe of the red colour of Sirius falls, has 
been in part fulfilled by the honourable diligence of a young 
«‘vaut, Dr. Wopeke, who combines great acquaintance 
''itli the Oriental languages with distinguished mathe.- 
uiaticid knowlealge. This gentleman, the translator of, 
and commentator on, the important '' Algebra” of Omar 
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Alkb&yyftmi, writes to me from Paris, in 1861, as 
follows t — " The wish expressed by y||L in the astro- 
atHXtial Tolume of Kosmos, has led m(> te examine four 
manoseripts of the Uranography of Abdurrahman Al- 
which are here; and 1 have found that a il^tis, 
o Tauri, a Scorpii, and « Orionis, are aH expressly termed 
' rod Sirius, on the contrary, has no such epithet applied 
to it. The jia.s»age relating to Sirius is in all the four 
manuscripts to the same effect, viz. that ' the first of these 
stars' (in Canis Major) ^ the large bright star in ^5 
mouth, which is marked on the A&trolid>e, and is called 
Al-je-maanijah.' " Does it, not appear probable frwa tliis 
examination, and from what I cited from Alfrogjuii (Note ’'*) 
that the change of colour of Sirius took place intermediately 
between the epoch of Ptolemy and that of the Arabian 
astronomers ? 


Pages 191—192. 

In the brief exposition of the method of finding the 
j>arallax of double stars by the velocity of light, it should 
have been said, that the interval of time which elapses be- 
tween the moments when the planetary or seconthiiy star is 
nearest to, and farthest from, tlrn Earth, is always longer 
when the chanj;^ is from the greatest proximity to the 
greatest distance, than in the inverse case, when the change 
is fmm tlic greatesit distance to the greatest yoxiroity. 

Page 214. 

In the Prencli translation of the astronomical volume of 
Kosmos (Part 1,), which I have rqoiccd to see undertaken by 
Monsieur Faye, that highly-informed astronomer has greatly 
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enrichetl the section on double stars. I had unduly omitled 
to make use wthe important Labours of Monsieur Yvon 
"Vilkrceau, uivicli had been read to the French Institut in 
1849 (Connaissance des temps pour Fan 1852, p. 3—128). 
I borrow here, from a table given by M. Faye of the elements 
of the orbits <jf eiglit double stars, the four first stars, which 

he believes to Ijc llie most secauely calculated. 

* 

Elkmknts of the Obbits of Dociilk Stars, 
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0 4482 

1 30-357 

1 

V. ViJJarotau. 1847 J 

nf Conniw 

0'1»02 

0*2801 

i 

! 42 50 

MtUkr 1847 ! 

(5*5 unil r». Or.) 

j lOM 

i 01741 

42 :t0l 

Y. Viiiarccau. 1S4T i 


MU 

1 0*4005 
] 

00 257 

The same, 2d ^olutiou j 


The problem of the {tcriod of revolution of >/ Corona* has 
two solutions ; one being •l'2''5, and the other Gd'3 years ; 
but the latest observations of Otto Struve assign the pre- 
ference to the second result. Mons. Ivon A'illarceau finds 
for the semwuajor axis,excentricity, and period of revolution 
e.xpressed in yearS|,of thr<.s? other double stars, as follows;— 
VOL. UI. B B 
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yVirginis . . 8"-4t6 0 8699 153*787 

f Cttucri ... 0"-934 0*366StiJ 58*590 

aCentaufi. . 12"*128 0*7187 78*486 

I have teme<I the occultatioii of one fixed star by another, 
(in the ctisc of f Hcrculis), “ ajjparcui ” (p, 212). Mons. 
Faye shows tlnit it is a consetjuence of the factitious diameter 
of stars as seen in our tdescopcs (KosntoSj Ud. iii. S. 67 
und 107 ; Engl. ed. p. .'>0 luul 1 10). — Tiie parallax of 1S30 
GrcHUnbridge, which I have%iven in S. 275 (Engl. ed. 
p. 190) at 0''*22i», has been found by Sehlutcr and Wichmaiui 
at 0 "•1S2, and by Otto Struve at 0"'081. 

Page 371. 

It H'as not until the section upon the small j)lanet 3 had 
bt'en jirintctl off tliat we rceeivtal in the North of Oermany 
the information of tlic discovery of a tifieenth small planet, 
Eunomin, by De fiasieiris, on the lUtli of July, lS5i. The 
elements of Ennomia, computed bv G. Iturnker, are; — 

EiKJch of mean longitude . -f 
' \ M. (ireen. Inne. 


iLiiin lonjdtiule * . . . . 

32 h’ 25' 29 

of jKrrilu'lion 

*27 35 3S 

Longitude of asci ruHag node . 

293 52 55 

Inclination 

11 43 43 

Eccentricity . . . . , 

0-1SS402 

&ad-niajor iixin . * . . , 

2*6t75H 

Mean iliuruHl motion . . . 

S23"*630 

FeriiKl of rcvolutioii , • . 

^1574 daya. 
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Pages 388—390. 

By a kind (lotnmiiniration from Sir John Ilerfichel, dated 
8th Nov* 1851^ 1 learn that Mr. Lassell observed dis- 
tinctly on tlie 24th, 2Sth, and 30th of October, and on 
the 2d of November, 1851, two satellites of Uranus, 
liphich appear to be still nearer to the planet than the first 
satellite of Sir William Ifersclicl, to which that astronomer 
ascribed a period of revolution of about 5 days 21 hours, 
but which lins not been suh.se([ueiiily recognised. The 
periods of revolution of the two satellites now seen by 
Lassell were about 4 days fu\d 24 days. 
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> p. 208. — ^Two glasw*, presenting complcmeaiJUy colours, being place-J 
over each other, give a white image of the Sun. Daring my long stay at the 
Pans Obsei vutory, my friend Artigo era ployed this arrangement with greet 
advantage, in the place of the ordinary shaile-glasscs, for observations of solar 
cflipsiea, awtl of the Sun’s spots. The colours to be tahen are — red and green, 
yellow and blue, or green and violet. ** Lorwju’uue lumierc forte sc trouve 
aupres d’anc lunuerc faible, la derai^re prviid la teintc comjjfftne^ifcdre de la 
|jreiniere. (.'Vst lu le contrasfe: mais cumrne Ic rouge presque jamais 
pm*, on peut tout aus<i bien dire qiie le rouge est complenieiilaire du bleu. 
Lcs coiileurs voisines du vSjicetre solairc *se substituent.*' (Arago, MS. of 
15^47). 

i p. 209, Arago lu the Coonais^ance des Terns j>our Pan 1828, 
p. 299^ — and pour 18.8 t, p. — 250, and pour 1842. p. 347 — 
'XYk liics exceptions que je cite, prouvent quo j’avius bien rai^a eu 
lH2Ci do ij'iiitroiljiirc In uotioM f»hy«iquc da contriVite thus In questiou 
ctoilcs doubles qu’e.vec In pj\i,H {^rnude rcM^rve. I^e bleu (i^t la erju- 
!iur rMio dc o'-rtaiuc^ /'toilen. II des observjiti(;ii& reeneiiiies 

que Ic tint) .tin cut rsl non seiidement parseme de soleils ro^^gc^ et 
?«'< eouiUiC h' vavaitut iv!* Aindrus, luais eiiotre de srdeiU hleu,^ et 
* ' ♦jil nu t<iU4 ft a df-s observatiojis fatuns k r.o«j> ofiprendre si les otoiles 
vrj its ot Idencii iiC sout pa.s ties soleib dfja en voio d«^ d/HTuissHnctr : si les dif. 

iiuani’cs de (‘<.s astrej^ n'indiepu t« 1 p.a« quo lo coinbussti n s*y o^u-re a 
ilidtn'us degree; si la leinte, uvre txces de rayons les plu^ refrangibics, que 
jif' scute souvent la petPe ^toilo, ne ticudrait pas a la A>rce ab.sorbaale d'uue 
aiioosjdieru que dcvelt'iiperaif Paetiou de rdtoiit:, ordiiudreiuonl beaucoup plus 
Isriibiiite, qu’cllc acconii>aguc. — (Arugo in the Anuuuire for IB34, p. 295— 
30 L 

t ‘ p. — Strnve uber l><qqH>lstvTrje nach Dorpalcr ikobarhtnngen, 

1817. S. 33 — 30, nud Mcnsiine luicrom. p. Uxnivi,, iuimu rates «ixty*lhrte 
p'iirs oj ^tars, i» which both stars are blue or bluish, and in which, there- 
^ rc, the C(dour canuo; he the result of c^iutrast. ^Vhen it is ncccssan' to 
'•!'M>o;ut toge ther the colours of the Uknmc double stars, as given by different 
obSffYcru, it is |mrticui:irly sirikiug to remark how ofun the c^impanion of a 
red t»r yellow iji^h red star is called hy om* obser\ er, and gn^en by another* 
p 2tnh — Arago in the Antuiaire for 1B34, p. 302. 

» |u ‘209, — Kosmos, Bd. id. l*i6 — 172 ; l*)ng. ed. p. 110 — 114, 

• p 210.— su|H>rb dt*«Me star (a (.Votanri^ is beyond all com-* 
p«riM,n ihf most strikinu objert of the kind in the heavens, and consists of 
^<1.. TIT. y 
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two ittiKyidttftU* both of a high nidily or orange colour, though that of the 
j^maller is of a what more M)mbre anti brownish casL” Sir John Her- 
schd, Cape Obsert.ations, p, AecorJiog to tin? vaiimhlc observations of 

Captain *Tm»b, of the Bombay in IH4t>— IB4B, the priiu’ipul jitai 

is e 5 timatt*d at the 1st maguitude, and the companion from the 2*5 to the 
Hrd magnitude. 

p. 210.~-Ko»mo!», Bd, iii. S. 235, 249 and 259, Eng. ed. pp. 155, 
*24Ct. and note 27 V. 

p. 211. — Strove iiher Doppclst, nach Dorpot. Ikob. S. 33. 
p. 211. — Same work, S. 'Ih. 

> p. 21L— MaJler, Aslr. S. 517; John Ucrsehtl, Outlines, p. 568. 
i^’Vi p. 211.— Compare Mudler, rntcrsuch. iiber die Fixstern-Systeme, Th. 

{ 005 275, Th. ii. S. 235 — 240; the same Author, in hi Astr. S. 541 ; 

af'.d J\.vbn Mersebcl, OiuliuciJ, p. 573. , 

, *' p, 215. — Kosiii xs, Bd. i. S. *^6 — 1»1 and 1,>S (Kug)ish edition, p, 74 
— 7'd and 112) ; Bd. ii. .dtp.) (Kugush edit. |>. 32'>) ; jVd, iii. S. 47—51, 
17ii, 2 Id, lUiil 231 iKngli^ih ee.it. p. .37 — I i, I2u, 136, nud 15U). 

[1. 2i5>. — Ko'iiio?, Bd. iii. 267 — 2f/J (KngL edit. p. 162 — IS3). 

p. 217 . — K<'Suios Hd. i. ^7 (Kuil. edit, p, 75). 
p. 2 Is. — KosinoH, Bd. iii. .s. IH), 131, Anm. 62 ; 17S and 210, Aum, 
71 : edit, p. SO. Note 151 ; p. 1 10, Note 237. 

{ 'm p. 2>0, — Bt'l’ >re the otpedifiou of Alvaro Beeerra. The I'ortugriO'fe 
adva;;eed iti i 171 t»> ilio South of the Ivpmtor. See Humboldt, K\iun< ii 
eritifjui; de do la tin Nouveau Coiitircuf, T. i, p, 200 — 2'*2, 

Cu the Faftteri'i ^ide .XfTiea, the eommercdal route thn>ugh the ludiasi 
Ocean from Oceii? ou the Strait -, of Bab-d*.Maudt’b to the Hutropifi ; 
Murerii on the Malabar con'll and to CeOon. being favoured by the ssonth- 
(Hip{/alti:ri), was frequented lunder the fhob-tnies (Ko^mo^, iht. 
ii. >. 203 and l-’ld, Nole 21 ; Kugl. edit, p. Hit), Note 261). On all Bum 
rontv.H the Magellaiiie clouds rmisl have been s*3cn, nlthougli they have uo* 
been de.^eribc'd. 

P^') |K 210. — Sir John Ht*rKd>el, Observations, § 132. 

(^'7 p. 219. — KoSitios, JM. ii. S, 357 and 599^ Note 43, Galileo, who souudd 
to aunbuU; the difTcrenee betweew the dayii of disi’'overy (29 Dec. 1602, and 
7 Jan, HHO) to the didcnuicc of calendars, in bis wrath »t what he tonus 

th< '• bugia *b;l iUipo^fore erdira goes so far as to decln'o 

'*chv irioho prob.nb(lmcMjte il Kretico Simon Mario non ha gicinm-i* 

1 Biancti Medioet” (vec Opcrc di Gaiileo Galilei, Badovu, 1744, T. b. p- ^ 
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—•*237 ; ahjI Vi(a e Commecrh lA-tieravio di Galiki, 17^3, Vot, i. p. 

ii iO -21^). Vet the '‘Kretieo” bad cx)>rife>«:d liiJuneU in a very rmxlest imd 
pcftccftblc manner refpectips the ineafeurc of bis o^vn ment in the discovery* 
1 jnerriy mnintaii)/’ ^aid Simon Marius iu the IVefarc to the Mnadus 
Toviali.^, “that, biee si*.kn\ (Hrandeuburgira) a uullo mortalium mihi ulk 
ralionn commoiKstrata, sed propria iiulagine j*ub ipi^ii-simiun fere tempus, vel 
fdiijvumto eitiu*; quo Galilnovs in Ilalia ca prinunn vitli^ a me in Germania 
adinvi ota ct ohM^rvatri r«il;-jie. Merito i^itnr (»ahia;o tribiiitur ct mauct iaus 
prirna* inventiovijs h'UMtm ftideruni aped llalw.s. An aulem inter meos Ger- 
manos qisif-pinin ante me ea iuxeneritVl viderit, liaclcnus iutclligerc nou 
puiai/* 

p*’) |>,i210- — ^'Mnudn’idoviriti^ anno lO'n) dct<.ciu^ ope per^pieiili Gelgiei,’' 
Ktiribcrgje. ifilK 

(•^*^) p. 320, — Hd ii. -S. edit. |e 827)^ 

p. 220.-— Hd. iii. S, 1M» 'dil. p. 122). 

p-wj p ooj '‘Gsdilei v.tA.tvlu': Ic Xehid ‘-e di < iri' ne vniir altro craiio che 

muurhl e eoart r\ u.^.ioni <V 'innumorabdi Sitiie (N« ib. N jta ili Galilei, \ol. i. 
p. 30 Si. 

p. 321. “ Tu priitO' inteirnmi (hdoui? piugerc dccrc- 

veram ; v»tc>, ab insrenti stillainm copi.:i, tcui|H»ri> vero iiiopia obrutus, 
a;:gresis.ifnu in hune in anain ocea^ffnem djsUib.— ( um non tfivitniu iu Galaxiu 
.adcus Ilk* euiidor vebiG idbirantiw uuhis fpccteiur. ‘.cd corismihs 

rr,hr^i /?‘vvo/ p-r ^fhva si iu ilhrum quamUbet spe- 

riUiivn couverlas. Strlinrmu con^tipata^u!}{ eoetum olkndts. Amplius ‘quod 
maeis mirnbile) S0:ll;n, ab Adnnioinis Hinguli'- in liane usque diem -Wf' 
{\].pv'll;vtie. Stdlaruvix mirmn iu moduni consUurum grege.s so*i.t ; ex quarum 
radionim cnniniix(i<ine, dom uuaquaqnc eb exiliTideia sot maximam a iiobii 
jenio!ioiin», oenlorum neieni O-gik eandvjr ibc c-iusr.ruO, ora dcuHinr pa*i> 
cadi, Stdlanim aut Snl.^; raaios rct-rquore vakn^. huer^qtie credons esi/ 
--(tperr di GaUko Gniiki. radovn, 17 U, T. ii, p. 1 ; Sidercus Nun- 

eins, pp. IS, U (No. 10 - 21\ and 3n .No. SO). 

(-”) ]>. 221.— C.\>iMi>aro Kosmos, Ud. Ui. S. IPO. I aculd ako rccali the 
vikUicltc at the ^one]n^io» of the Introduction of Jlevt lii 1 iriimmciiUim ^obc^- 
einunm. lOB7,iu wbiob three genu arc seen, two of \yhom arc observing with 
the sextant of llcvdins; while to the third genius, who carries a tclcscot>e 
And airpears to^on'er it. the observer?^ answer : rrieslal liudo oculo 1 

^371) p, 221. llnyjrens, S\ sterna Saturnium, iu his fJponi vai'ia» Lagd. 

Bag 1721, T, ii. p. 523 and 5^3. 
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(^) p. f '2'2.-^** ks tkMis nebuleuscs irAo4rc>mcdc ct d’Oriou/’ snyg 
Dommiqtie t *' j ai vu ties t|u'on u’apfjr^'uit pas av<?c dcs lunetUa 

Nous no pa^» si Ton iic pouiToit ptts avoir den luuettes 

grandcs pour quc toute la ludiuiosilc piU at- rcsouJre en de plus pctiU^s 
eiollcs, wmine il arrive k cvlUta du Cancer et du i^agittttu*e” (Delambrc, Hist, 
de TAstr. iiKKlcrnc, T. ii, p. ;uu\ 7ii). 

(*^*) p. — Ko^mos, Ikl. i. S. Al:?, Aiim. (Kiigl. edit. Note DC). 
f^'‘) p. 22 $. — On tlie idea* of latiabcrl and Kaut viewed lu connection with 
each iither. — wtmt the) had iu common, and wherein they diiVcrcd, — as well 
rs on the datc'^ vn' their jmbl,' cat ions, see Struve, Klndcs d’Astr. stellaire, p. 
11, Id, and ; Notes 7, 15, and Hd. Kunt‘s Allgcmeiue Naturgcsicbiehtc 
u’id Thcv'rie des If iniuit Is ’ (General History of Nature and Theory of the 
Hc.ivens) aj-pcared aiianyrn uisly, and with a deiiicutioii to tlje King of 
J’lossia, ill 1755 , r^ainhert's “ Jlioloiaccria/* as has been already fcrnorked, 
{nr-ij- as td ju i7^^h and h;s SnminUing kosmologischer Hriele iiber dse. Kin- 
ru htung de^ \\ eh baucs’' «‘CoUet'Uuu of ( osmological Letters on the Struct urc 
of the Cniver^e) in i7CL 

p, *2'2-L — ‘ Tiif>se ntluilif/’ said John Michcll, 17C7 (riiil. Tnnis. 
V(L hii. for 17157, p. 251), ‘'in which wc can discover either none or only 
t! frw stars even wuh the ;es.dsta5iC‘.- of the best telescopes, are probably sys- 
u j.’is, that arc still iW'U* dNtaut than the rest.’^ 

p. 22 L — Mcssier, iu the Mem. dc i’Acaibunic dc.*? Sciences, 1771, p. 
4‘i'j : and iu the ( oruiaissance dcs Temps jK>nr ITSd and 17SL The w h-dc 
h?»t <v>Jifaia» Kk 5 olucots. 

p. 22 L — I'hii. Trans. Vol. Ixxvi., lixii., and xcii. 
p, 22 L— The nebular hy[rf.dhesift, as it has bccu termed, and the 
t;.cory of ^iuJtreal aggrcgatiivn, in fact quite indcpcinknt of each othtr’^ 

r Ji/hu lIcr^ioluL flutlincs of Astronomy, f S72j p. 50D). 

225.— The uninhcrH in the text are those of the ubjeds oisuraerated 
fro!« No, ) to 2:i(»7 in <hc Lnropean or Norlhcm Calalogno of lSd3, »ud 
fri’in No, 230S to IfHo in the African or Southern Catalogue {(’aj>c Obi?CT- 
vs^ionn, p. 51 — 1 2S). 

f^) p. 225. — Janies Dunlop, in the PbiL Tmis, for 182S, p. 113 — 151. 
p. 225.— Compare KoAtnos Jld. iii, S. 81 and 117, A«m. 31 (Knglkh 
edit. p. C3, Note 123;, 

(^} p. 225. — An Account of the Kaid of Kosee's Great Tdog<*op<s,’' p- 
M— 17, in which the list of the nebula* re^rdved iu Alnrch 1845 by IV 
UtAmmoii and Sir James Southi is given. '* Dr, Robiiiion could not k^ve 
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thift part of kls stibject witliont caUing attenfion to (ho that no real 
nebula seemed to exist among so mauy of these objects, chosen without any 
h'm ; all ajrpmred to be clusters of stars, and every additional one which fhali 
be resolvetl will be an additional argument agaiust the existence of any such” 
(Schumacher, Astr. Nachr. No, 5:16). In the Notice sur Ick grands Tele- 
ftcopcft dclioni Oxmantown, ttujourd'hiii Karl nf Hosse” ; Hiblioiheqac iinivcr- 
ftcilc de Geneve, T. Ivii. 1815, p. :M2— ‘‘tr>7), it is said .* Sir Jainen South 
rapiJeUe que jamais il n’n vu dc reprtV:ritations sidcWca aussi magiilfi(iues q*ic 
ccHes qiic lui ofTrait rinstniment »lc rarsoij&lown ; qu’tmo borme panic des 
tichuleusi>8 se prc^enlaicnl coiume dcs amas ou groujxrs d'etoiles, taudia que 
quclques nntres, a sea yeux d« moius, n’otfraient nucuiie apparcnce de resM^lu* 
tion cu etoiles.” 

(®<0 P' Fifteenth Mating of the British Association 
held at Cambridge in June 1815, p. xxxvi. ; and Outiiues of Astronomy, p. 
51i7 and 51>8. By far the major part,*' says Sir John Ucr>< hel, “ probably 
at least nine-tetdhs of the nebulous conteo'its of the heavens, ermsist of nebnUt 
of spherical or elliptical forms, prcscuJiug every variety of elongauen and 
central coridcavdioio Of lhr;^c, a prt^nf ntfrnh-r have been resolved iijto 
distant star? (by the Hctlrcior of the Karl of Rosst), and a vast nmnber more 
have liccTi found to possess that mottled ap}>carance wliich veiuicr^ it almost 
a matter of certainty that an inert^asc of opti«‘ul }>ower wu*!ld sliow them to 
be sifniiarly compofcd. A not unnatural or nidair induction would th^rtfore 
«.ejn (o be, that those which resist such resolution do so only in conse<jncnce 
of the snialluesrv itnd closeness of the star:^ of which tluy consist ; that, in short 
they arc only optically ami not physically nchrJous. — Altiiough nebulie do 
exist which even iu this powerful tdcscojje (of Lord Kos^c) appear ns nebula" 
without any sign of resolution, it may very rc.^svjnably be doubted whether 
there be really any essential physical distinction between uebulic and clusters 
of stars/’ 

(^) p. 226. — Dr. Nu'hol, Professor of Astronomy at Glasgtov, has published 
in his '*Thoug)ds on some important Points relating to the System of the 
^V^>rld,*^ 18it>, p, 55, this leltcr, dated Castle, Parsonstown : “ In accordance 
with my promise of communicating (o you the lesuli of our ciaaiination of 
flrion, I think 1 may wfcly say, that there can be little, if any, doubt as to 
the rcvsolvohility of the nebula. Since yon left us, there was not a single 
night when, iu tht^absencv! of lUc moon, the. air wa^ fine enough to admit of 
wiir using mure than half the maguifyimg power the speculum bears: still we 
euuld pUiuIy see that nil about the tmiHixium is a muss of tutors ; the rest of 
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the nebula a!»o abounding with fttara» and exhibiting the characteriitics ot 
resolvability atroogly marked/* 

{®®) p. i27 . — Comimre Etliuburgb Review, Vol. Ixxxvii, 1848, p. 186. 

(^) |K 237. — Koiittos, Bd. iiL S. 183 uud 313, Anm. S4 (English edit, 
p. 125, Xote 250). 

p. 327. — Koisimos, Iki, iii. S. 44 (Euglish edit. p. 35). 

p. 23S.— ‘Newton, Philos. Nat., IViueipia mathcmntit'a, 1760, T. iii, 

p. 671. 

(^) p. 22S.-^Kosmo5, Bd. i. S., 146 (Engl. edit. p. 131). 

p. 23S. — Ko^mos, Bd. i. S. 412, Aum. 66 (Engl. edit. Note 06). 

(■^0 P* 228.— Sir John Ilersehel, Capo Obsenations, § 100 — 111. 

f***) p. 329. — It may be proper to explain here the grounds on which this 
enumeration i;s based. The three (.’atalogues of Sir William Hcrschel contain 
2500 objeeU ; viz. 2303 ncbtike, and l07 stiir-clu.-rterci (Matllcr, Ai-lr. S. 448j, 
These numbers underwent .altcratUm in a Inter ajui much more exact review 
of the heiweos by Sir John Hcrschel (Ob>ervati(ms of Nebula* und Chnltrs 
of Star# made at Slongh with a Twenty-feet Heliector, between the years 
1S25 and 1833 • Phil. Trnus. 1833, p. 865— 4S1). About ISOO objects 
were identical with those of the three earlier catalogues ; but from three to 
four hundred were provisionally excluded, and more than five hundred newly 
discovered ones had their Eight Ascension and Declination det crminoil 
(Struve, Astr, sUdJaire, p. 48). 31jc Northern catalogue contains 152 dusters 
of stars, consequently 2307 — 153 = 2155 nebula' ; but in the SoiUhcrn cat;i- 
logue (Cape Observ. p. 3, f 6 and 7) wc have to deduct fitmi 4015 — 2307 
»«1708 objects (among which there are 236 star- clusters) 233 (viz. 89 + 
135 -r U : sec Cape Observ, p. 3, j 6 aud 7, and p. 128) n.s belongiug to the 
Northern catalogue, ohscrvwJ by Sir William and Sir John Herscbel at Slough, 
and by Afmier at Paris. There thus remain for the Cape Obicrvaiious, 
1708 — 233 = 1475 nebulaj and clusters, or 1230 nebula: only. To the 2307 
objects of the Northern catalogue of Slough we have to add, ou the other hand, 
135 +-0^ 144, Thus this Northern list btuumics increased to 2451 (»bjccts, 
coutaiuiug, after deducting 152 clusters, 2299 nebula^ ; which numbers, huw* 
em, do not apply to a very strict limit of the horizon aecordiiig to the 
faeigUt of the Pule at Slough, If in the topography of the fimtainent it 
t« deemed proper to aiwigti mnaericnl ratios to the two hetiuspheres, the 
author thiuka that U ix right to do ao carefully, alUqntgb the numbm 
in cfucsi ion must always he exfHicted to vary at dincrent ej|>ocha, and 
aecordiiig to the progress of observation. It belongs to the general dcii^gn of 
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(fca present work to attempt to depict the state of knowledge at a determinate 
e|>ocb. 

229. — Sir Johtt Hcrschel says, in j). 134 of his Cape OWn^ations, 
There ore between 300 and 400 nebula of SirM tlliam llerschers Catalogue 
atill unobservciytiy me, — for the most part very faint obj<^ets.’^ .... 

p. 220. — Ca[>c Observ. i 7. (Compare ilmdop’s (.'atalogue of Nebultn 
and Clttstera of the Soiitbcru Hemisphere, in the Phil. Tjans. for 1 p, 
114—1460 

p, 230.— Kosmos, Bd. (ii. S. 297 (Engl, edit, p. 200—207.) 
p. 230. — CajMS OTjserv. { 105 — 4f)7. 

p. 231.— In Kosmos, Bd. iii. S. 181, line 6 from below, by au error 
of the press, the words South Poie and Xorth Pole have been interchanged 
[this w^as rectified in the Engiish edition, p. 124, line 8 from top]. 

(^) p. 231. — “ In this rejkm of ‘ occupying about ooe-eighth of 

the whole surface of the sphert, one-third of lltc entire nebulous rontents of 
the hcftvcus are congregated*' (Outlines, p. 596). 

p. 231.— On this “ barren region" see Cape Obsen*. f 101, p. 135. 
{^) p. 232. — 1 fouiid these numerical data on the summing up of the 
numbers furnished by the projection of the northern heavens, in the Cat>e 
Observ. PL xu 

p. 233. — Humboldt, Esamcn crit. dc Tllist. de la Geographic, T. iv. 
j;. 319. In the long scries of voyages uudeitakcu under the lufiuence of the 
Infante Don Heurique by the l*crtuguese along the West coast of Africa 
towards the Equator, the Veuetiau Cadamoslo (whose proper name was Alvisc 
da Ca da Moslo), after joining Antouiotlo t’sodimarc at the mouth of the 
Senegal in 1154, was the lirst who occupied his attention with the search 
after a southern Pole-star. *‘As," said he, still see the northcru Poic- 
star" (he was in about 13" North latitude), I cannot see the south one itself 
but the coustcllatiou which I see farthest towards the South is the ('arro del 
Ostro (the Stmthern Wain or Car)," (Aloysii ("adum. Navig. cap, 43, p. 32 ; 
Hamusio, Dclle Navigojtioni ct Viaggi, Vol. i. p. 107). May he have formed 
for himself n car or wain from souiC large stars of tlieconstcliaiicn of the Ship r 
The idea that each of the two Poles had iU car, apjaiirs to have been so pre- 
valent at that timc» that in the Itiucniriuiu Poilugalleusc, lotlS, fob 23, 
and in Orynilu.s Novna Orbis, 1532, p. 5S, there is a const cUat ion, quite 
similar to the Little Bear, figured as having b«x'ii scon by ('adamosto ; while 
ilamuaio (Naviglftioni, VoL i. p. 107) and the new Col Icccao dc Noticias para 
n hiftt, e geogr. das Nacoes Cltj'ainariuas (T. ii. Lisboa, 1812, p. 57> cap. 391 
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but in an equally arbitrary inauncr» the Southern Croaa (liwm- 
boldi» Kxaiueu crit. do rHiat. de la Get>gr. T. v. p. iJJltV). it waa usual 
in the Middle Age# to seek to replace the two dancers (xopt^frat) of llygiuus 
(Poet, astrou. iii. 1), i. e. the Ludeutea of tbe scholiast, to Gcrmanicua, ur 
Oustodcs of Vegetias, in tbe Utile Bear, — the stars 3 and that constch 
iatlon were made into the Guards (le due Guardie) of the North Pole^ near 
to which they axe situated, and round which they revolve ; and aa this iiaiue 
of the “ two Guards/* as well a^ the use made of them for determining the 

height of the Pole (Pedro de Medina, Arte de Navegar, 1645, libro t. cap. 4 

* 

— 7, p. 1^3 — 1**^5), had become general among the navigators of all EurojicAn 
nations in the Northern St^as — so, erroneous inference# of malugy led men to 
think they discovered ou the southern horizon what they had long before 
sought fur there. When Amerigo Vespucci, ou his second voyage from May 
to Sept. 1500, and Vicente Variez Pinzon (b<ith whose voyages are 
perhaps the siime). arriveil as fur soulh in the Southern Hemisphere as (.‘apt 
San Auguidin, they first began to occupy themselves diligently, but vainly, in 
seeking for a star visible in tbe imiuedkto vicinity of the Southern Pole 
(Ikiidini, Vita e Lcttere di Amerigo Vespucci, 1745, p. 70; Aughiera, 
(,)ecaiiica, 1510, Dec. I. lib. ix. p. 96; Unmboldt, Kxamen crii. T. iv. p. 

819, and 325). Tbe South i\)lc of the heavens was then in the couslellattou 
of the Octant, so that llydric miiioris, if wc make the reduction according 
to Urisbarie's Calal»:^gue, had still fully 80^ 5' South Dedioation. Yospua'i, 
in a letter addressed to Pitlro Francesco de* Mt-dici, said ; “ Whilst I was 
occupied with the wonder# of the southern heavens, and seeking amougst 
them in vain for a southern Pole-star, 1 remembered a few word# of our 
Dante, where, in the first chapter of tbe Pnrgatorio, sup{K)Sing himself passing 
from one hemisphere to the other, and intending, 1 believe, to describe tiiTf 
Antarctic Pole, he sings — 

lo mi volsd a man destra’* ..... 

1 feel tlie more certain that the jKiet meant to indicate by his four stars (uoa 
viite mai fuor ch* alia prima genU) the Pole of tbe other firmafnent, because 
1 saw in reality four stam which, together, formed a ‘mondorhi,* and hml a 
small (?) motion/* Vespucci meant the Southerti Cni«$, the Croce maravigliuj» 
of Andrea Corsali (Letter from Cochin of the 6th of January, 15U, in 
Hamusio, Voi. i. p. 3 77)» with the luuiie of w hich he was not yet acquainted, 
and which subsequently was made use of by all navigators (like fi and y of 
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the Little in the cmh of the North Pole) for finding the Soulheru Pole 
(Mem. de PAcad. des Sciences, 1666— 1699, T, vii. Fart 2, Paris, 1720, p. 
5S), tt«d for detemimationa of latitude (Pedro de Medina, Arte de Navegar, 

1 545, libro v. cap. *1. p» 204). Compare what 1 have said on the subject of 
riante's famous passage in iny Eiameu crit. de lllist. de la Geogr. T. iv. p, 
310—31^1. 1 also remarked there that a Crucis, with which ia modern 

times Dunlop in 1826, and Riuuker in 1836, occupied themselves at Para- 
roalU, is one of the stars earliest recognised, in lOSl and 1687, by the 
Je^k Fontancy, and by Noel and Richaud, as multiple stars (Hist, de I’Acad. 
dcp. 1680 — 1699, T, ii. Par. 1733, p. 19* Mern. de I’Acad. dep. 1666 — 
1699, T. vii. 2, Par. 1729, p. 200 ; I.«ttres edifiautes, Kecoeil vii. 
1703, p. 79), Such early recognitioTi of binary system.^, long before the 
df'uhle star f Crsm maj. was recognised Jis such (Part I. of present volume, 
p. 201), is the more remarkable, because seventy years afterwards I^acaille 
did not describe a Crticis as a double star, — possibly, as conjectured by 
lluniker, because the principal st.ir aud its companion were at that time .at 
tiK> small a distance fl[>ar(. (('ompurc Sir dohn Hcrechel, Gape Observations, 
f 1S.3 — 185.) Almost at the same time that the double character of a Crucis 
was discovered, that of a Centauri w^as also recognised by Richaud nineteen years 
before the voyage of Fcuillcc* to whom this discovery has hcea erroneously 
ascribed by tJeuderaoii. Richaud remarked that, at the time of the comet of 
1689, the two stars which form the donblestaraOucis were at a considerable 
distauoe apart i but that the two components of a Centauri, although, when 
viewed through a twdve-fect refractor, they might indeed be clearly recog- 
nised as distinct, yet appeared almost to touch each other.’’ 
p. 234. — Cape Obscrratious, § 44 and 104. 

{^®)p. 234, — Kosmos, Bd. iii. S. 179 and 211 (Engl, edit, p. 120, and Note 
210). Yet, as has been already rtunarked in treating, in the tir^t of the 
present volume (p. 122), of star-clusters. Mr. Rond, of the l -uitcd Stalins of 
North America, has succeeded, by the extraordinary space- jHiuet rating power 
nf hi* refractor, in entirely resolving the long drawn out elliptical nebula 
ill Andromeda, which, according to Bouillaud, had been described before 
Simon Marius, in 983 aud in 1428, and which has a reddish light. In (he 
vicinity of this celebrated nebula there is another, still naresolve^i, but 
very closely resembling it in form, discovered on the 27th of August, 1783, 
hy jny fHend the Utc Miss Caroline Ilcrschtl, who died at a highly advanced 
honottred by ok, (See Phil, Trans. 1833, No. Cl of the list of uebulic, 
lig. 52). 
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('••*) p. 235.*-*ADunlftr nebula: (Cape Obaer?. p. 58 j Ontlinc* of Aitr. p. 
602) ; Nobuku^o pcrforeo: (Arago, in the Anauaire for l^i42, p. 428) ; Bond^ 
in Schttiu. A»tr» Nachr. Ko. Oil. 

(^) p. 235,-*-Cope Obaervatioua, |>. 114, H. vi. fig. 3 and 4i compare 
aiao No. 2072, in the Pbt), Tmua. for 1833, p. 466, See J/>td Roai^e's 
tlrawinga oftUe riug« nebula in Lyra, and of the aiugwlar crab-ncbulaiu NichoV^ 
Thoughts on the System of the World/* p, 21, PI. iv. j and p. 22, PI, i, 
%, 5. 

p. 236. — Kcgarding the planetary nebula in Trsa major a$ a sphere, 
and supposing h placed at n distaik?e from us not more llnm that of 61 Cvgoi, 
its ap{>ercnt diameter of 2^ 40*'" would imply an actual diameter sevim times 
greater than that of the orbit of Neptune (Outlines, f 876). 

p. 236. — OtitHucs^ p. 003 ; Cape Observations, § 4?. An orauge-i*cd 
star of the 8th magnitude is near No. 3365, but the planetary nebula Atili 
appears of a deep indigo-blue when the red »iar b not iu the field of the tele- 
scope: the colour is therefore not the effect of contrast. 

p. 236. — KtMinos, lid. iii, S. 173, aud 303 {Kugl, edit. p. 115, 
208—209, Note 34B\ In more than 63 double stars the com pauion and 
the principal star are Mh blue or bluish. Snmll imligo-hlnc stars are inter- 
miugled in the supicrb many-coloured stor-cbisur Ko, 3435 of the (ata- 
logue (Dunlop's Cat. No. 301). There b an entirely uniform blue cluster of 
star* iu the southern heavens (No. 573 of lUinlop, No. 3770 of John Hcr- 
schei). It has 3^^ diariielcr, with projection* which rnn out to S' of length ; 
the stars arc from the 16th to the 14th magnitude {Ca|>c Observ. p. IIU). 

(^) p. 236.— Kosmos, ltd. i. S. b8 and 387 (Kugl, edit, p, 76, Note 31). 
Comporc Oullmcs, i 877. 

p. 236, — On the complesity of the dynamic relations iu the partial 
attractions in the interior of a sphctically round star-cluster, which in weak 
tclesropes appears as a nmnd nebula denser towards the centre*, see Sir John 
llcrschei, in Outlines of Assn>nai»y% f 806 and 872 : CapeObserv. f 14 aud 
1 11—113; Phil. Tran*, for iS33, p. 501 ; and Address of the Presifieuf iu 
the Report of the Fifteenth Meeting of the British Association, 1845, p. xtxvii. 

p. 237. — Mairao, Traite de PAnrore l«5reide, p. 263 (Arago, iu the 
Annaaire for 1842, p. 403 — 413). 

p, 238, — Other instances of nebulous stars are only frxmi the Otii to 
the Sth magnitude ; ns, for example, No, 311 and No. 450 of the Catalogue 
of 1833, %. 31, with photospheres of P 30'^ (Outlines, j» 8711)* 

(^} p. 238, — Ca|:c ObservatjooH, p, 117, No, 3727, PI. W, tig. 16. 



3SfOTB$. 


kxxvii 


(«♦) p, 238.— The following may be cited as remarkable forms of irregukr 
iicbul® the one rescnibliug the letter Omega (see Cape Observ. Pi. ii. fig. 

1, No, 2008, and which was also examined and described by Lament and by 
a highly promising too early deceased North American astronomer, Mr. 
Mason, in the Memoirs of tlm American Philosophical Society, VuL vil ji 
177) ; a rn^nhi wHh six or eight nuclei (Cx»i>e Obs. p. 19. iii. fig. i) , a 
comet-likc tuft-shajMrd nebula in which the ncb»dou8 rays sometimea apjief^r 
as if proceeding from a star of the Oth magnitude (PI. vi. fig. IS, No. 2531 
and S<588) ; a nebula resembling the shade profile of a bust (PL iv. fig. 4, 
3075) ; a creviced opening inclosing a tlifead*like nebula (No. 3501, PL iv. 
tig. 2). — Outlines, f 883 : Cai)e Obo. § 121. 

(<*^) p. 239. — Kosmos, lid. iii. S, 185 (English edit. p. 127) ; Outliues, ^ 
785, 

(**'’) p. 239. — Kosmos, IhL i. S. 157 and 4)5, Note 83 (Engl. edit. p. I ll, 
Note 113, Sir John llerschel, first edition of Treatise on Astronomy, 1833, 
iu liurdncr’s (’abiuct Cyclopedia, i (UO; Littrow, Theorelischc Astronomfr. 
LS34, Th. ii. i 234. 

(**^) p. 230.— Sec Edinburgh Review, Jan. 1S4S,^. 1S7 ; and Ca|>e Obs. 

^ on and 107. “ A zone of nebulic,” says Sir John Hersehel, "‘encircling 

the heavens, has so many iuterruptious, and is so faintly marked out tlirougii 
by far the grealer part of the circumference, that its existence a.s such can be 
hardly more tlmu sus|»ectcd.” 

(^•^) p. 2l0. — “ There is, I think, no doubt, wrote Dr. Galle, ‘'that the 
drawing which you have sent iaetOj>€re di Galiki, Padova, 1744, T. ii. p. 14, 
No. 20} includea Orion's belt and sword, and Iheiflbre the star 6 ; but from ilic 
obvious inacctiracy of the draxviug, the three small stars iu the svxorJ, the middle 
one of which is 0, and which to the unassisted eye ap]H,ar to form a straight 
line, ore diiiicult to find. I should think that you hare pointrt! out the star l 
corrcidly, aud that the briglit star to the right of it, or t lie star iminctiiately abort , 
is Galileo says expressly : in primo integram Ononis constellatiouf m 
inngcre decreveram ; veruin, ab ingcuti stellarum copia, teinporis vcixi inopja 
obrutus, aggre^iouem hanc in olinm occasionem distuli.” I’he alteation given 
by Galileo to the consteiJatiou of Orion is the more remarkable, because the 
number of 400 stars which he tliougUt he counted iu about ten square do- 
i^rccs between the belt and the sword (Nelli, Vita di Galilei, VoL i. p. 2G8) 
niialed Lambert (Co^molog. Bticfc, 1700, S. 155) eo long afterwards into the 
tirrouams estimate of IC5(H1U0 stars iu the whole lirniamcnt (ijtruve, Astr. 
sioliiure, p. i4, and Note 16)* 
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(«») p. ft^O.—Kosiaos, Bd. ii. S. 369 (Kog. ed. p, 828). 

{**) p. 241. — “ Ex Ui# autmn trc» iUce pcne inter »e coatigofe eteltae, 
omnqtte hU ali» quatmor, v«Jut turn# aebulain loccbant ; ita at sf^atioin cwca 
pm* qaa forma hie conapicitur, malto illtiatriiis apparturel reliqao omni 
cnelo ; quod cum apprime st^renum e«set ac ccrueretur lugerrimuifiiy relut hUtu 
quodsm iuterruptum videbatur, per quern in piagam magi« lucidam eawet proa- 
pectus. Idem vero in haiio usque diem nihil immutatii facie taapiua atquc 
eodem loco conspcii ; adeo ut perpetuain illic sedem habere credibile ait ho(! 
qutdqiud e»t porteoti : cui certe aiiaile aliud uusqitam apud reliquas tixsas 
potui auimadverterc. Naui ra'terK*ncbulowe oliiu eii&timata^ atquc ipsa via 
lactea, pcrapicilio iii3{K)eti^ uuilas nebulas habere comperiuntur^ neque aliud 
csaie qtiain plariutn sudtarum cotigi^ries et frequeotia*' (Christian] Hugeuii 
Opera vans, Lugd. Bat, 1724, p. 540-541). The magnifying power employed 
by Htiygem in his 2;l-foot refractor was estimated by himself at only one 
hundred times (p, 538), Arc the qtiatuor stcilo; traus ncbulam lueciites»’* 
the stars of (be trape^iuIll ? The muuII ami very rough drawing (Tab ilvni. 
fig. 4 , phenomcooii in Oiiouc novum) represents only a group of tlirec* stars . 
and indeed near an iiidcutation which might be taken for the Sinus mngnus 
Perhaps only the three stars of the traj»4*/ium which are bat w ecu the 4th and 
7th maguitudes are indicated- Dominique Ca&sini boasted that he was the 
first person who had seen the tburth star. 

{^*) p. 241. — William Crauch B ind, iu the Transaclkms of the Amerknu 
Academy of Arts and Si icnccs.^ new* scries, Vol. iii. p. 87'Vfi. 

(•^) p. 242.— 'Cajic Observalmus, f 54-61>, PK viii, ; Outlines, 5 837 and 

885, PL tv, fig, 1. 

C**^) p. 242.— .Sir Jolm Ilcrsehd. iu the Memoirs of the Asirou. S<X'. Vol. 
ii. 1824^ p. 487-495, PLvii. and vjit. Thb latter drawing gives the uoincrt- 
clat?irc of the diJfcrcnl rtgions of the uebiila iu Oriou wjiich lias been era- 
iTiined by ao many astronomer. 

p. 242, — Dilaiubre, Mi»r. do rAstr. Kiodcrac, T. «. p. 7flfh Ca#si«» 
recicooed the appcaniucc of this fourth star (*^ aggiuuta della quarta stella allc 
Ue eotttigttc’') amofug the aiteru^ous which he cousidcred the nebula in Orion 
had under^gone itt his time. 

(«») p, 242,—'* It is rrmarkable that within the area of the trafK^ium no 
nebula exists, llje brighter {loritun of the nebula iiniucdiately atyacent to 
the traperiuts, fomiing the square front of the head, is ahown with the 
lS-itt«h refieetor broken up into masses, whole mottled and curdling light 
arideatly indicates^ by a sort of granular texture, its consistiug of stars i and 
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wlien examined under the groat light of Lord Rosae'a redector, or the exqui- 
site defining power of the great achromatic at Cambridge, U.S., is endently 
perceived to consist of clustering stars. There can, therefore, be very little 
doubt aa to the whole consisting of stars, too minute to be discerned indivi- 
dually, even with these powerful aids, but which become visible as points of 
light when closely adjaecnt in the more crowded parts** (Outlines, p. 609). 
W. C. Bond, who employed a 23.foot refractor, furnished with a 14-inch 
object glass, says : There is a great diminution of light in the interior of 
the trapcziuni, but no suspicion of a star (Mein, of the Amer. Acad., new 
series, Vol. iii. p. 93). • 

p. 243. — Phil. Trans, for the year 181 1, Vol. ei. p. 324. 

(*^) p. 243.— Transact, of the Royal Soc. of Edinburgh, Voi. xvL 1849, 
Part 4, p. 445. 

(^•*) p. 243. — Kosinos, Bd. iii. S. 251-254; Eng. cd. p. 171-174. 

p. 243,— Cai>e Observations, § 70-90, PI. ix. ; Outlines, 4 887, PI. 
iv. fig. 2. 

(*^) p. 244. — Kosmos, Bd. w. S. 146 ; Eng. cd. p. 112, 

(^*) p. 244. — Cape Ohservatious, f 21, PI. i. iig, 1, No. 3721 of the 
Cat. ; Outlines, J 888. 

(^) p. 244.— Nebula in Cygims ; partially iji H. A. 20** 49®, N.P. I). 58" 
27' (Outlines, § 891). Compare (‘at. of 1S33, So, 2092, PL si. fig. 34. 

p. 245. — Compare the dniwings in PL ji, fig. 2, with PL v. in the 
“ Thoughts ou some Important Points relating to tlie System of the World, ’ 
1846 (by Dr, Nichol, Professor of Astronomy at Glasgow), p. 22. Sir John 
llcrschcl, in his Outlines of Astronomy, p. 007, says — Uoase describes 
aud figures this nebula as resolved into numerous stars rafA intermUed ne- 
Mar 

(^) p. 245. — Kosmos, Bd. i. S. 157 and 415, Anm. 81 (Eug, ed. p. 141 
and xxxviii.), where the nebula No. 1622 is callwl a “ brothfr-systcra.** 

p. 245. — Hcjjortof the 15tb Meeting of the Briti.sh Association for 
the .\dvaa(^ment of .Science, Notices, p. 4 ; Nichol, Thoughts, p. 23 (com- 
t>nre PL ii, fig. 1 with PL vi,) In the Outlines, § 882, it is said, ** the 
whole, if not clearly rcsolvedi into stars, has a raohubie character whidi 
evidently imlicatca its composition.’* 

(^) p. 2^46.— Kosmoa, Bd. i. S. 83 and 3S7 (Anui. 2) ; Eng. ed. p. 70 
mid Note 32. 

{^) p. 240.— Lacaille, in the Mem. dc PAcad. aniwki I75b, p. 196. It 
is objectionable to apply, as Horner and Liitrow liavc done, the uame of 

Magellaaio Spots or Ope-clouds** to the coal -sacks. 



^ 24($.^Koamo<K Bd, ii\ S, SSd and 485 (Aum. 0) ; Eng. ed, p. 28U, 
1 C?* Koto 4i0. 

(•*) p. — Idclcr, Untorsuchuiigen iibcr deo Uwpmng and die Bcdtni- 

tnngder Sternnaineo (lurofttigttUous respecting the Origin and Siguidcation ot 
the Names of Stars), ISOO, S, xlix. and ^62. The name Abdurrahman Suti w 
abbreviated bjr tTlugh Beg from Abdurrahman Ebn*Omar Ebn^MohammedKbn- 
Said Abul-Hassan ehSuh eUlta/i. t^ingh Beg, who, like Nas»ir*cddin, cor- 
rected the alar- positions of Ptolemy by his own observatious (14S7)> owns 
to haTing borrowed the |xwiliona of 27 more southern atars, not vidble at 
Sauiarcand, from Abthirrahman Sud/ 

p, 2 tS. — ComjKjtre my geographical inquiries re»l>ecting the diiicovery 
of the south point of Africa, and the stalemeuU of Cardiital i&urla and ComU 
Balddli, in the Exaiucn. crit. de Thist* do la Gwgr. aux Ibtmoct lO^me 
Sidles, T. i. p, 22‘J-3 io. It is a curious fact that the discovery of the (;'aj>t 
of Good Hope, w hich Martin Ikhaim tvdls Terra ITugvsa, not Cabo Tor- 
mcnloso^ woa made by l>taz in coming from the eiutuani (from Algfye Hay, 
in 33' 47^ S, Ini,, more than 7"^ IS' east of 'r.vble fkiv). Lichteristcia im 
Vaterlondischi n Museum, Hamburg, 181.0, S. 37 2 -389. 

(♦* ) p, 240. — The important, and not suin«:'ic«ily noticed, discovery of the 
Soutif point of the New Continent, in S, lat. 55^^ (very characitrisiically imli- 
caled in Urdaueta's journal by the words '* acabamiento detierra,*’ the ceasing 
of ternuimtiug of the land}, bdoiigs to I rHUciH^o de lli.>cc*, who commaudixl 
one ol the ships of I^ay»a’s Ks(>edUiuo iu 1525, He prubablv saw a part of 
Tierra del Fuego west of Staaten Island ; (or Cape Horn U, am^r<liag to 
FiU-Boy. in 55" 58' 4H'. €om|Mire Navarrete. Viages v descubrioi. dc 
ius EspaAoles, T. v. p. '2S and 404. 

p. 250*— Humboldt, Hxumen crit* T* iv. p. 205, 29-5-H16 j T. v, p. 
225-229 ftfid 235 (fdekr, Stenmaxnefi, S. 340), 

(^) p. 250. — Fetrns Alartyr AngL, <.)ceaiucm Dec. fil. lib, i. p. 217. I 
can ihow, from the numeurical data in lH;c. IL lib. x, p, 2i) i, and Drc. IJl. 
lib. t, p. 232, that the part of the ** < h'caaica'* in which the MagtUauic Clouds 
are mentioned was written between 1514 and 1510; therefore, immediatoiv 
after the Kipeditiou of duiin Dia^dc Solis to the Uin d« ia Plata (then calltd 
'' Itiii dc Solis, uue mar duloe* ), The latitude assigned is much boo high. 

(*♦<) p. *251.— Kosmoa, M, if, $. 329, Bd, \ii S. 151 and 175 ; Kng. vd. 
VoF ii. p. 290, Vol. iii* p. 94 and 117. 

p. 252,— ^Kosmos, Bd. i, S, 88 ami 337, Aunt. 2 ; Etfg. «d, p. 76 siul 
1 ?. Note 32. Compare, in Capo Observaiiems, 143-164, the Magcdlsnic 
Clouds as they apt>ear to the naked eye, PL vii. ; tclatfcupic dualyits of the 
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Nubecula Pi. x. ; and tbc Nebula of the Dorado represented sepa- 

rately, PI. ii. fig d (I 20-23) I Outlines, § 802-896, PL v. fig. 1 ; and Jam«i 
Dunlop, in the Phil. Traus. for 1B2B, Part i, p. 147*151, So erroneous 
were the views of early observers, that the Jesuit Fontauey, an observer highly 
esteemed by Dominique Cassini, aud to whom many valuable astronomical 
obaervations from India and China arc owing, wrote, as late as 1685 — “Le 
grand ct le petit Nuages sont deux choses siuguU^res. Us ne poroissent 
aucunemeut un amaa d’^Hoilca ct)mn)e Pms€|)€ Cancri, ni ineme nne lueur 
sombre comxne la nebuleusc d’Andromvde. On ji*y voit presque rien arec 
dc Ires gmiides lunettes, quoiijuc saus seoours on les vove fort Uancs, par- 
ticnliercmeut le grand Nuage” (Ix..ttre du Pere de Fontaney au Pore tie la 
Chaise, C'onfesseur du Poi, in the Lettres edifiantes, Ibicueil vii, 1703, p. 
78; and Hist, dc FAcad. des Sciences dep. IGSO-lfiOO, T. ii. Paris, 1733, 
p. 19). — I have followed Sir John llcrschel exclusively in the description of 
the Magellanic Clouds given in the text. 

p. 252, — Kosmos, BJ, iii. S, 1S3 and 212 (Anm. 85) ; Eng. etl. p. 
123 a!id Ixiv. Note 251. 

p. 252, — The same, S. 180 and 211 (Anm. 75) ; £ug. ed. p. 122 and 
ixiii. Note 241. 

(♦^ p. 25 4.— Compare, in Cape Observations, § 20-23 and 133, the fine 
drawing, PL ii. fig. 4, and a small special map in the graphical analysis, PL i. ; 
as well as Outlines, § 896, PL v. fig. 1.' 

p. 255. — Kosmos, 13d. ii, S, 32S and 4S5 (Anm. 5) ; Eng. ed. p. 
289 and xcv. Note 4-45. 

(*^) p. 253. — Mem. dc FAcad. des Sciences, dtp. 1666 jusqiFa 1629, T. 
vii. Partie 2 (Paris, 1729), p, 2U6. 

(^*) p. 255. Letter to Olbcrs from St. Catberiue s (Jau. 1804), in Zaeb’s 
Monatl. Corit*spiuj(ku2 /ur Beft»rd. tkr Erd- und Himraels-kundc, Bd. x. S. 
240. (ilespecting Fcuilhv’iSi observation, and the rough drawing of the black 
|»Atchittthe Southern Cros«, compare, also, Zacb’s Corrcspondcinf, Ikl. iv, 
IH07, S. 888-391). 

{^*) p. 256. — Cape Observations, PL xiii. 

(*^) p. 256. — Outlines of Astronomy, p. 53 L 

(^) p. 256.-^Capc ObeervatioTus, p, 3S4. No. 3407 of the catalogue of 
nebultc and stnr-elustm. (( <>tnpai*c Duulo}>, in UiC Phil. Tnuis. for 182S, 
p. 149, and No. 272 of his calalogfic). 

(^) p. 257.^** Celtc apjwrcuce dhui noir funce dans ia poriie orientaJe dc 
U Croix du Sttd, qui fmpiJO la vue de Ions ctux qui regankut k ciel austral. 
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c«itm par in vivacite d« la blaacheur J« ta voic lact^o qui renferme t'^space 
noir et I'entoure «}e tons — Waille, in ibe da F Acad. <ie» Sci^ 

eneea, ann^ 1755 (Parb, 1751), p. 109. 

(W) p, 257.— Bd. i. S. 159 aud 415 (Anui. 87); Rug. ccl. p. 143 aud 
xsivUi. Note 117. 

p. 257.—** When we see/* says Sir J<ilm llerschol, ** in the Coal «aclt 
(near a Crucb) a sharply-defined oval space free from stars* it would setiu 
mneb leas probable that o conical or tuhuhr hollow traverses the whole of a 
aUrry stratuio, continuously extended from the eye outwanb, than that a 
dUi4tMt mass of comjianitively moderate thickness should he simply jxjrfo* 
rated from side to side. . . . ** (Outlines* j 792, p. 532; Ldtrc dc Mr. 
Hooke a Air. Ameout, iu the ilem. dc i’Aciid; mie, iCGC.lt>99, T. viii. Partie 
% p. 30 aud 73). 

(*^) p. 25S. — Kosmos, Ihl. i. S. IGl ; Rag. ed. p. 115. 


p. 2ft 1. — Comfjore what wiis i‘aid in an carUer volume, where di-*- 
Uncea of Uranus were employ cvl as units of incasurc, that pbuct b< i:>|; the 
member of the planetary system as then kutmij to ns (Kosmos 
Bd. i. S. lift, 153, mid 4 L 5, Amn, 7ft; Kng. cd. p. 102, 103, 137, ’;IS 
and Note 106). Taking the ilistauce of Neptune from the Sun at 3(r‘H 
distances of the Earth from the Sun, the dbtancr of a ( 'entaori from lh« 
Snuwitl be 7523 dbtaaccs of Neptune, the pamllax of the star b<.tn« as unud 
tobe O'^912B (Kosmos, Bd. iii. S. 271, Eng. cd. p. Ib9) ; and yet ti»c dis- 
tance of 61 Cygtti b almost twice and a half, ami that of Sinus (taking 
parallax at 0'^'230) four times a* great as tluit of « Centanri, K distance 
of Neptune'* b about 021 ncrinan. (24 VI Engtbh) millhms of geogrcqihical 
miks; and the dUtance of Uraniu from the Sun, according to 11 a uscii, b 
390| (Rag. 15BG) miUions of such mih'«. According to Gfdle, the fiistance 
of Siritt*, taking llcndmou’s parallax, b S96800 semi-diameters of the 
Earth's orbit lS547tXK) (74183(KK> Eng.) million* of ge^^graphical luiies— 
adbUttce which light itfqoires 14 years to traverse. The aphelioo of the 
eemtet of 1630 b 44 dbtaneea of Uraim*, or 28 dbtancea of Neplunc^ from 
the imo. According bo the alxive ansturntdions, the solar di«4iiuce of the star 
« Ceotatui it altnoat 270 times greater than this comeiary aj*helion, which 
her* regarded a* the miiuijaHm of the m'ceasariJy very unccrUfh estimation of 
theradiaaof doi^^ (Koamos, Bd. ui S. 294, Eug;. ciE p. 204). in 
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tJiis data of numerical data, the advantage gauieil by employing very great 
distancet in sjmee as our units of measure is, that we are thus enabled to 
express the results with a less enurinous array of figures. 

(**^) p. 202*-^On the appearance and diiMippcarancc of new stars, sec 
Kosmos, Bd. iii. S. 215-233 ; Eug, etl p. 132-152. 

p, 2C7.— I have printed, in an earlier volume (Kosmos, Bd. ii. S. 347 
and Anm. 25 ; Eng. ed. p. 307 and cvi. Note 4C5), the passage iii the 
10th chapter of the first book de lUwoiuU” imitaUd from the Sornnium 
Scipionis. 

p. 2(57. — Tlie^jnU Stnyrnaei Platouiei Liber de Astronomia, ed. IL 
Alartiu, 1S40, p. 182 and 208 : ryft tpn^uxtas fx^aov rh irept rhy ^Aiov, 
oiOF€t bpra too iravrhj, H^fy ^(poverty avrov hclI ri)y dp^aiJLfyriv 

Uii %ayrh% Ijictiy tqv cuff^aros rtraf^ivTiy dwo rwy wtpdrufy, (This new edi- 
tion is worthy of notice, in reference to the inrijiatetic opiiiioiis of Adrastus, 
and many platonic opinions of Dercyllides. 

p. 209. — lliuiseu, in .Schumacher’.s Jahrbuch fiir 1837, S. 05-1 U. 

(^‘^) p. 271-—"* D upres Tctat ad ud dc nos connaUmiccs astroDomiijuea 
ie 8oleil se compose: V* d’uu globe centra! a j>cu pres obscur; 2" d’one 
immense couchc do nuages qui est susjHitdue a uiic certaine distance de ce 
globe et I’cavclopiie de toutes parts; 3" d’unc p^oiosfJ^h'e ; ea (rautres 
lermcs., dbiue sphere resplcndissante qui ci)velo|)j>e la courhe uuageusc, coxnme 
(‘tlle-ci, a sou tour, cnveloppc Ic noyau obscur. Leciijise totalcdu b Juiilel 
1*^42 nous a mis snr la trace cl'mie tivisieioe cnvcloppe, silu«5e an-dcssusde 
Jit ifMofpJirn?, cl fonwee dc nuage* obscurs ou faibkment luiniueox. — Ce 
foul les nutt^m de bi troibiouie cuvcloppc svdairc, situds cnapjKircuce jicudant 
1 eclipse totale, aur ic contour dc Tuslre ou un jwru cii dehors, qui out doune 
lieu a CCS singulic^rcs pnx*mincnces rougcHli-es qui en 1S42 ont vivement 
excite ratteoliou du mondc savaut” (Amgo, in the Aunuaire du Bureau des 
Dmgitudcs pour I'an 184(>. p. 404 and 471)* S^ir John Ilcrschel, iu his 
Oiitiinea of Astronomy, published iu 1849 {]*, 234, § 305), also assumes — 
'*al>t)vc the luminous surface of the Sun, and the region iu which the spots 
reside, the existence of a gaseous atmosphere having a somewhat imperfect 
lrauit|mrency/’ 

(^) |>. 272.— It U proper to give first iu the original the passages which 
are alluded to in the text, and to which my ov u atteulion was called by an 
instructive memoir by Dr, Cletiieus (** t>H*rdaiJO Bruno und Nicolaus von 
i lS t7> S.loi), The C’ardinal Nicolaus of Cusa (the family name 
Was Khryptfa— i. if. ^<revi»se, ctaw-fiah)^ a native of Cues, on the MoseUc^ 
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in th« 12tlt chapter of the second book of a treatise irhich ciijoyod great 
celebrity at the lime^ *‘de docta fgnoriuitin*’ (Nicolai do Cuaa^ 0|>era, ed. 
Basil. 1565, p, St)) : ** ueque color nigrediais est arguuientuin vilitatis I'erra? ; 
nam in Sole, si quis esset, non apjmrefet ilia cloritas qiue nobis : couMderato 
eidm corporc Solis, tunc huhat quandom quasi terram contreliorem, et qunn- 
dam iacidiiatem quasi igtiikm cifcumfervutialem, et in lucdio quasi mpteaiu 
nubcm ct aircm clariorcm, <piom atlioodum term ista sua elemcnta.^' Ou the 
margin b written Parsdota'' and liypai the latter word muM, there 
fore, doubtless signify here also “ dreams’* (^laureia) — some ha/ardous ‘^j>eca. 
atiott. Again, in a figurative coinparbon <x*curring in a long writing— Kicrci- 
tatiou«» ci Sermonibos Cardinal b {0|>cra, p, 57*d) — I find ** Sieut in Sole 
coaftiderori potest natum corporalis, et ilia dc W5 non est magna; virtrni^t’* 
(notwithstanding mass-attraction or gravitation 1) “ finon virtiuern 

snam allis corpt^ribus comiuuuicare, quia non mi mdi».>sn. Et alia ruiUsn) 
lucida iUi unita, iU qviotl Std cs lutioac utriusque naturtc habet virtatent, quju 
sufficit huic sctistbili mimd«v ad viUira ianovnodam iu vegetabilibuB kX nhU 
malibus, in elcmenlb ct iniuendibus, ptrsuain inilacntinm radio$ani. Si»: de 
Christo, qui est .Sol jostitia’ . . . Dr, ClemciiA ihiiiks that all this 
be somethiug more than & happy conjectural ant icipation. It np; ears to him 
•* simply impossible tliat in the parts of the passage quoted 
mrfOTi* S&Jfs ; in Sole considcrari potest . . . ) ( «i»a c^Hild have eppctiltd to 
eiperiencc, unless there had been some tolerably acmfrate obHTVfttis>n of the 
solar spots, both their darker parts and of the penumbra/' He eonjcc- 
iurea that the phdoiK)pbcrs of mcKlern stnenee bml been nntitipated in some 
of the results obtained by them, aud that the Cardioars views may huve been 
inHaeuced by discoveries which arc gcncraify, but crro«e»)aslY, stipnosetf to 
have been first made at a later period/' It h certairdy not only possible, 
but even very probable, that in diitrids where the sun is partially veiled < '/r 
sererai months — as during the contin nance of the ** gnrua" on the coast of 
Peru— -solar spots may have Ihjcu seen even by uncivilised man with the 
uaked cycj bat we have no accounts from any travellers of such a clrcum- 
stenee having attmctctl atlentioi], or of the spots of the $«ti basing tw'cr been 
interwoven in the mythology of wor»hippers of that iuminary. The tmre, 
and very rare, sight with the naked eye of a solar #|»ot on the sun’s 
when mther low down near the hoH/oHy or covered with a thin veil of misb 
and appeoricif whitCy red, or perhaps even of a greenish htte^ would, 1 tltink, 
never have led even men cxemsed in inteikctual thought to eonjecturc the 
Oxtsunce of several sacctsstve covertogs ewvoloping the dark body of the sun- 
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If CtfdiiiAi Com had haowa anythloK solar spota, be would surely not 
have failed to iiitrodaoe the ** tnaculio Solis'* iu some of the uuiucrous com- 
parisons which he so much delighted in draw ing hetwceu physical and spiri- 
tual things. Iwet us only remember the vchemeut debates excited in the 
beginning of the 17th century, immediately after the invention of the telcscojie, 
by the discoveries of Fabricius and of Galileo, I have recalled in an earlier 
volume (Kosmos, Bd, ii. S. 603, Anm. 33; Kiig. cd. p. ch. Note 173) the 
obscunily expressed astronomical representations of the Cardinal, who died in 
1464, nine years, therefore, before the birth of Coperuicus. The remarkable 
passage, jam nobis omuifestum est Terrain in veritate moveri/* is in lib. ii, 
cap. 1 2, de docta Ignoraulia. According to Cusa, all things ait; in move- 
ment iu every part of celestial S|»acc ; we find no star which docs not describe 
a circle. “ Term non potest esse fua, s(d movetur utalKcstelite.’* He does 
not, however, suppose the Earth to revolve round the Sun, but the Earth and 
Sun to revolve “ round the cvcr-ihangiug poles of the Universe.’' Cusa, 
therefore, was not a Copeniican, as is shown by this fmgment, written by 
him with bis own baud iu 1414, and discovered by Dr. Clemens in the hos- 
pital at Cues. 

p. 272. — Kosmos, Bd, ii. S. 300-302 ami 511*512, Anm. 40-53 ; 
Eng, cd. p, 310-321 and cxvi,-c.\vii, NutCB 480-103. 

(*^) p. 272. — Bortimt/z iSid^rra, id est planctie qui Solis himina circum* 
volitant motu proprio et regulari, falso hactenus ab bclioscopis Macula?. Solis 
nuncupati, ex novis olwcrvationibus Joannis Tardc, 1020, — Ati^truz4:a i>d/era 
heltooycltca astro uomicis hy|Kjthesibus iUigata opera Caroli Malapcrtii Belgaj 
Mouteusis e Socictate Jetn, 1633/* The l3j»l-ineutioncd memoir has at least 
the merit of famishing observations of a series of solar spots belwtcn 1018 
and 1020. These are, however, the samcycjirs as those fur which Schaner pub- 
liahtid hU own obsenations at Home iu bis“ Kosii Ursina/* I'he CaDon Tarde 
l>elievoil iu the transit of suiaU pLanets, because he deein<hl il impossible to 
ascribe such imperfections to the eye of the AVorld’’-— l aii du Monde ne 
[leul avoir des opbthalmies !'* It is indeed surprising that, twenty years after 
Tardc’ft account of his Borbonin Sidera, Gascoigne, to whom the art of obser- 
vation is m much indebtcil (Kosmos, Bd. iii. S. 76 ; Eng. cd. p. 59), should 
'till have ftltribnted the solar sjiutsto the conjunction of numerous planetary, 
almost transparent, bodies revoiviug round ibc sun in great proximity to it. 
He sup|>oscd sevend of than;, «wj)erj>oscd upon each other, to be the cause of 
tlic dark shaded plactts. (Phil Traus., Vob xxvii. 1710*1712, p. 3S2-200, 
hltcr from WUUami Crabtrie, Augttai 1640.) 
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xVmgo **aur l<3« nio,vcu« d"t>b*trrv«ir les tneboi Sdloii^/' ia 

the Annuairtf for p. 476-47^. (Marabrv, Hitt, FAstroeMmie Hu 

Moreu A$e, p, SlU, a» well m Hwr. de FAMr. mtxJcriie, T. i. p. 68L) 

(^) P* 273.— Memoires |K)iir «ervir ^ Ff listoire dm Science#, par Mr. le 
Comte de CaMiei, 1810, p. 242 i I>elambre» Hist, dc FArtr, mod, T. ii. p. 
Although C'esaiui, as earl/ as 1671, and Hire in 1700, declared tb 
body of the Sun 10 be dark, yet estimable eUnnentary works on Mtrondmy 
tUli conUiiue to a^ribe the first idea of this hvpotheisis to the meritonof 
astronomer I.(ataQde. lAlande himself, in the edition of hU Astronomy puk 
hahed iu 1722, T. lit. i 3210, as* well m in the tlrat edition of 1764, T, i 
$ 2515, merely lemai us true to La Hire’s earher expressed opinion*--\'b 
'*^ae tea Uches soul emiuenced de la masse s^lide et opaque du .Solei^ 
rtcouverte commutt^ment (eu rnticr) par k rtuide igut?.*' Iktween 174| 
and 1774, Alexander WiWu formed the first ju*4t view of a funncl-shap^ 
opening in the photosphere. 

p. 273. — Alexander lVil»<>n, OWrvaiions on the Solar Spots, in the Vhd 
Trans. V'oL Uiv. 1771. Fart 1, p. 6-18, Tab. i.— •** I found that theumhri^ 
which befure wgii etjoally hnAsd all round the nucleus, appcare»l much con- 
tracted on ikitt piirt whi»;h hitf toteurdJt re,ttrt* iif thf dak^ whilst the 
osbar parts of it remained nearly of the fonner dimensions. I j>erceiveti tlvnt 
the shady sone or umbra which surrounded the nodeus iniglit be nothiug 
else bat the sbehing sides of the lamioous matter of the Cumpnre, 

also, Arago, in t he Annual re for 1842, p. SO0. 

(^0 P» — Bode, iu the Hesehaftigungen der Bcrlini^tchcu fiesdlschfifl 

Naturforsehender Frctmdc, IM. if. 1776, S. 237-2^11 and 212. 

i^) F* 277 .— Wilimm llerscheh in the Philoimphioal Tnumetions of the 
Koyal Society for ISOI, Part 2. p* 310dH6. 

(^•) p. 278. — An official notice of a high price of com occurring in coit- 
necthm with obscuration of the sun for several months, is referred to b tho 
bUtortc fragmenU of Ibc ebkr Cato. ** Lumints cnligo** and '* defectus Soiis’ 
Ate expreasious which, when employed by Itoman writers, do not hy snv 
msaiit signify on all oci^asious an cclip**^ of the sun ; they have, for inshuicc, 
no such meaning in Iho accounts of the long-ccmtinucd dimness of the sun 
which is said to have followed the death of Cfomr, Thus we find in Aulu« 
GeUttis, in Noct. Att. ti. 28 — ** A^erba Customs in origiuum quarto hfec sunt ; 
non libet swiberc, quod in tabula apud Foutifieetn tnaxlivunt c»t» quoticn*^ 
anonacam, quotienslante an suits lumim caligo, ant quid ohstiterii'' 

(*) p, 278-— Gautier, Heeherches relatives a Finfiuence que Ic nombrti des 
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exercc wir le» t4mperaturc$ tcrre«tr«$, in th« Bibliotheqnc 
Vuivcridli? de Gcntjvc^ Nouv, Serie, T. li, 1844, p. 3*27485. 

278^— Arogo, in the Ammoireponr IS16, p. 271-438. 

(4?#) p. 278. — ^I'hc iMwnc, p. 440-447. 

p. 279. — Thii i* whitij^h sbmiiig appearance which was also seen in 
theaokr of the 15ihof Alay, 188C, and of which even then the great 

Koyilgfi^K wtTonomer said very correctly, that when the inf>on*s disk 
i^pietely covered the sun there fttU! remained visible a luminous ring of the 
«»iar atmosphere'* (Ucssci, in Sebum. Aslr. Nadir. No. 820). 

(irs») p. 279.— ^* Si nous examiuiouf de plus pres rexplicaticm d’apres laqnelle 
les proluheranccs rougefurts st'raUnl assimib'es ii des nuages (de la troisi^me 
^Ipavdoppe), tttuis no trouveriems aucuu principc dc physique qui nous emp^ 
(^t d admettre que des nm^gensts de 25 a 80(KK) licucs de long 

jpttcut dans ratinosphere du Soldi ; que ces mas&es» comme certains nuages 
A ratroo*)»here lerrcMre, out des contours arrcics, qu’elles afil*ctent, 9 a et 1 ^ 
formes tres tounner.lwes, indae dts formes cn surjdoinh ; que la lumi^rc 
wkire ()a phot ttsj: herd U> colore c« rouge. — Si eette troisienie cnveloppc 
cs^e, clle donnera pt'ut-dre la def de qudques unes dts gruudes et depin- 
ral^ auomalie> qvie I’ou retuarque dans le cours dcs »aisons’^ (Amgo, in the 
Annnaifc for 1846, p. 460 aud 4f>7). 

{^) P* 2S0.— Tout cc qiii aiTaiblira sensibiement I’intcnsite edairante de 
lu portion de I'alinosphi re lerrtstrc qui parait enlourer et toucher le contour 
dreuiaire du Sokil, ponrra coutribui r u rendre les proemincuces rougealrcs 
vi^ihles. II est done jurmis d’t^percr qu’un ajftronome exerce, ♦ tabli au 
t'Onimct d une tres haute inontagnc, pourrait y ob?ci\or reguberement hiS 
iiuaga la traUiemfi e^vrhvpp^ isitiKs eu apparence i-nr Ic contour 

de Tastre qu m fi<^n m dchan ; dcicrmiuer cc qu'ils out de permanent ct de 
variable, notrr Itis juiriodts dc di^pariliou ct dc reapjmritiou . . . (Arago, 
Amuiaire for 1846, p, 471), 

p. 282,' — Although it h mideniably jwssible that particular individuals 
among ihe Greeks aud Komans may have seen large svlnr i^pots with the 
naked cyc, yet it appear* certain that such isolaic^^l oltsicrvatioiis, supposing 
tlicm to have taken place, never led Greek or Koman wriicrs to allude 
to those phenomma in any work which bos come dow u to us. The passages 
iuThfopbrast.dcSigim, iv, 1, p. 79Tf — Aratua Diosem, v. 90-92, — and Prf>- 
chift, Ibirsphr. ii, 14, in which the younger Ididcf'^Mctorol. Yetcruni,p. 2 ()l, 
and Comuieniary on Af istot. Mcltw, T. i. ]>. 374) thinks he pereeivc* a awa- 
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tion of ftolar spot^— ntiimly say that the tim"» disk, which imlicatcs good 
weftth<r, shows ao div^ersity of surface, uothiug that marks it (mjjSc n 
but rather perfect uniformity. Thc<r^^«, or chequered surface, 
is, moreover, expressly atlribuied to light cloud, belonging to the vapours 
of oor atmosphere (the SchoUast to Aratiis soys, the ** thickness of the 
air**) ; heuce it is always the morning or the evening sun which is referred 
to, and which, quite inde|)endeotly of trno solar spots, may certainly ijerve 
as 4Utphmt(ymeter^^ ami are still regarded, both by sailors and agriculturists, 
am>nling to an opinion by no means worthy of being despised, as ad'ord. 
jttg useful indications of approaching rhauges of weathcir. The sun’s disk, 
wheu near or on the horiron, is seen through the lowmt atmospheric 
strata. < tf the large iwalar sjwts which were seen by the naked eye in the 
years 807 and S40, and erroncou^ily snp|>oscd to he transits of Mercury and 
Veruu, the first was reconh^ in the great historic collection of .lu?itus 
Kenbcnis, Vctcre^ Scriptores in the part cntitleil Annults Regnui 

Francorrim Ptplni Karol! Magni et I.ridovid a qnodam cjus letatis Astronomo, 
Ludovici regis domcitico, conscripti, p. 58. The authorship of thc,<e Annals 
was first attributed to a Ikncdictinu numk (p. 28), and afterwards, nutimon 
eorrectiy, to the celebrated Egitihnrd (Kinhard, Charlemagne’s priv.<itc secre- 
tary) ! see Aunrdeft Embardi, in Perth's Mimniueiita Germanise historicji, 
Script. T, i. p. 19*. The passage referred to is the follovring : — **1X CCVII. 
Stella Mercurii xvi. Kal. April, visa evt in Sole qnalis jKirva macula uigni, 
paululnm sn|>rriu« medio eeuiro cjusdem sideri^i, fttit a octo dies ccd* 
spiciita e^t ; -urd fj^and^> priixoim inlravit vcl exivil, nnhibns impcdicnliba^i, 
rninime noUre {Kvtuimui*.'’ The passage respecting the aupposc^l tniusit of 
Venus mentioned by Arabian ^wtronomers, is given by Simon As^semanuu.'i in 
the Introdnction to the Giohu# c<i:le«tis (’ullco- Arahicas Vdi^Tni .^Fusei 
Bcrgiani/* 1790, p, xxxviii., 0nd is as follows Anno Hegync 2i!5, 
regnanle Ahat^itoscmo Chalifa, Vina csl in Sole pr*>pe medinm nigra quudiim 
macula, idque feria terf in die dccirna nona Afensis Rcgebi . . * P was 
believfjd to be the planet, and that fAe $ami? macula nigra (therefore with 
interruptions of lit or 111 days) was seen for 91 days. Soon after wunls 
Motaaaem dicd.--*-I anbjm 17 iiisfanee*, taken from a number c«d- 

lected by me, of hi^toricid or traditional accounts of suddcnly-<x'currh*l5 
dittwnutifm# or obHCtirationa of the Ih^ht of day 

Anno 45 B.C., at the time of the death of Julius X'aw»ar, afierwhtt b 
the suo tvM for a whole yijar paler, and gave less beat than 
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that the air iva« thick; cohl, aitd miaty, and the fraiU of the earth 
foiled (Plntarch, in duL Cgea. cap. 87, Bio Caa«^ xlir. Virg. Georg, 
i. 460). 

A.B. at the tin»e of owr Saviour*^ criicifision. ** From the siith hour 
there waa ilarkut^iss over all the land unto the ninth hour’* (Mattb. 
xivii. 45) ; and in t he parallel pa.*>8agc in St. Luke, the sun wa^i dark- 
ened’^ (I.aikc, txiii. 45). Kiifrcbins adduces, iu explanation and con- 
firmfttion, an eclipse of the Sim in the 202d Olympiad, meritioucd bj 
Phlegon, of TraJk*??, a writer of chronielca (Idelcr, Haodhuch dcr 
inathcm. der Ciironoiogie, Bd. ii. S. 147). But Wimn has shown 
that the edipsc btlonging to this Olympiad, and which was risible 
over all Asia Minor, took place on the 2 Uh of November, 29 years 
after the birth of Christ, or between three or four years earlier. The 
Crucifixion w»s at the time <4 the Vas«>vcr, 14 Nisau (ideler, Bd, 
i. S. 5lo-52i)), which was ahvays celebrated at the time of the full 
moon. Ihc cannot, tbi refore, have boon eclipsed by the moon 
for three hours. The .Scheiner was inclined to attribute the 

diminutiou of light to a i«:rou|> of large solar ??pots. 

858. — On the ‘22d of August, au obscuration of two hours in length, 
f/rtv^wus U) the terrible earthf|ua.ke of Nicoiiiedia, which also destroyed 
inany other towns in Macedonia and IVntiH. The darknesa lasted 
bclwxcn tw o aud thre<* hour? : *‘iiec contigiia vcl adpo^ita cemebantur.” 
Ammian. Marci?Il. n ii. 7. 

SbO,— In all the Ea*Vern pjxniuccs of the Koman Empire (per Eoostrac- 
tus) there was “csiligo a primo aurone exortu ad us<juc meridiem” 
(Ammian. Alarrcli. xx, o?* but stars were seen; ibercfore it could 
not haw been caused by sUowersi of a^lua ; nor, from the long dura- 
tion of the phcnomcnou, cuidd it have been the ciTect of a total solar 
eclipse, to which the historian attributes it: “Cum lux cadestU 
operirctnr, e luuudi cousjXTtu penitus luce abrepta, defccissc diulius 
soletn pavida* mcntcH lioruinam fcslimabaut : primo attenuatum in 
luuie comieuUniis ethgicin, deiude in s|a*cicm anclum sciuenstrem, 
postcaque in integnim rcMitutinn. Quod alias non evenit ita per- 
spifue, nisi cum jvost inirquales cursiis iutermenstruum lua\? ad idem 
revocatur/’ Tbo description is quite that of a true solar eclipse, 
but what ia to be done with the length of time and *' caligo” iu all 
the Ka^tern provinces? 

409.— 'AVheu Alnrie appeared before Rome t the darkness such that 



V in ike Sc«ch«n, 

500,-^*^ I. liiiq^ IrigSiaitii octo (5S7 to 

565), AtiiH) imj>erii ikwio deliq^Him Iu<n« pusdat wt fkli, quod 

ifiti^STtiia ct duois ampKo* diituvit^ e^ee tit pftrum Adinodunj 

6e lucfc ipsittii appHr«fiet ; diterwuique homiucji Soil altquid amiiisse, 
quod ounquimt ub to Gregorian AbuU-Faragm*, Suppk- 

meutam Ifwtori*^ l> 5 'wiistiartmi, ed, Edw. Pocodc, 166S, p. 94. Thia 
neetitnto bore heme phroomeuou very wmilar to that of 1783, to 
nhteh the name of ** llohiarturh’’ bai Iwen gireji, but for stidt 
phnniome&a m geuernl nathfaotory eipkiMition baa bceb swiigord. 

567.— Jositoun II. awuoa imperarit (565-57S). Anno imfierii 
ipattus aeeundo appanatt m rttslo igni« 6amm«n» juxta p<jlum Hretioum 
qui aatutm intei^rnmi permantit i obteatcruntqae tenebra* motuloni ab 
bora dici noim nocteiu iMque» smIco «t nemo qtticqium vidcrel; 
decidilque c» me quoddam jmlreri mittuto et cincn aimite. Abu'i* 
Fang. 1. c. p. 95. For a yror «)ntbual Aurora, afterwards darliuesii, 
and nhow'crs of what wc eftU *' trade -frlnd (?), 

054 .%«fording lo Abu'l-Famg. (Hwt, Dyimst. p. 94 and 99), half 
the fttu"* ditflc conthiued olvsn'wred for eight months 

year after the A mb* had been driven biw?k beyond the Pyre- 
aji the reftiiU of the batik of Tonn# the san waa darkened on 
the 19tb of Aitgmi in iLtcrrifying onanuer. Schmner/^tm- Th. 

S. 164 . 

SOT,-“A s|x>t on the mtk which wat takfti jor Merenry, Reuber, Vet. 
Srtipi. p. 5S (w above, p. xerfM.) 

Fritikm the 3?Sth of Afay to the 26tb of Angu«i {Kuemmi reckon« 
bfay §59), the K»-<?<il!ed tranafl of Venoa aver the soak disk. See 
fbove, p. xcritt, (The (kliph AI-Motas«eiif reigned from §34 
to S41» taheit be jj|ceeded hf Hiaoon-cl-Vgtek/ the ninth 

964.— In the valnabk HJalory of Porlhaiial by Paria f Berne, l730/p 
147, 1 bad— *■ Bn Portugrf « ♦In to la ikrra por do* me«?8. 
A^ia el Sol perdldo iw *i|s}e»dar /’ Aw opening in the idty then 
♦eemed to take fitose por fraet^^ wUh itnmy ftaabee of lightniag. 
and the ftil! bkiie of «ni}syi£e waa then ♦nddenlj? 

f }»i of tteimS tok 
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which hiAted three Uaura, and after the obscuration had passed away the 
solar disk remained of a peculiar colour. ** Fuit eclipsb Solis 11 
K»l. Ociob. fere tres huras : Sol circa luendiem dire nigrcscebat.*’ 
Martin Ousius, Atmales Sverici, Francof. 1595, T, i. p. 279 
Schnurrer, Th, L S. 219, 

1096. — ^Ou the Sd of May solar spots were seen with the naked eye ; 
Signum iu Sole ap(>aruit V. Non Marcii feria eecunda incipientis 
quadragesimie. doh. Staiiuklii, presbyteri Pataviensis, Cbroniccm 
genorale, ia lEfclii Iterum Boicaruni .Scriptoris, T. i. 1763, p. 485. 

1200. — On the last day of Februajy, according to Joa^uia dc Viiiaba 
(Fpidemiologia Espanola Madr. 1803, T. i. p. 30), there was com* 
piete darkness for 6 hours ; *‘cl dia ultimo del mes dt* Fcbrcrro hubo 
un eclipse de sol que durd seis hcras con tauta obscuridad como si 
fucra media m>chc, Siguierou a este fcuorneno Rban<lautC6 y conti- 
ntias Iluvias.** Schnurrtr, Th, i. S. 258 and 265, »|)eaks of an almost 
similar phenomenon in June 1191. 

1241.— Five months after the Mongol battle of Lcignilz : “ obsenratns 
estKol (iu qttibusdam iocis r), et facta; sunl tenebra*, itant steUic ride- 
reutur iu cmlo, circa festum S. Mirhadis hura uona.” Cdironicon 
Claustro-Neoburgcnac (of the Ncuburg Convent near Vienna, con- 
taining the ycari 218 to 134S A.D.), ia Pez, Scriptures rerum Ans- 
triacarum,’" Lips. 1721, T. i. p. 458. 

1547.«4^Jhc 23d, 24th, and 25lh of ,\pnl, — therefore a day before and 
a day after, as well aa the acttial day, of the battle of Muhlbach, in 
which the Prince Elector John Frederic was taken. Kepler says, 
(iu Paralipom. ad Vitdiiuni, quibvi:» Astronotuio? pars optica traditur, 
1604, p, 259)—'* refert Gemma, pater et Tdins, anno 1547 ante coa* 
flictuui Caroli Y. cum Sasoniie lluce Soleiu |h r tres dies ecu sanguine 
perfusttm comparuissc, nt etiam ►tcUw plencquc in meridie conspioe* 
rentor.'* (So, also, Kepler, dc StcUa nova ia Serpentario, p, 18). 
Great doubt exists as to the cause : %3olis lumen ob causas quasdam 

sublimes bebetari perhaps there may have been materia comeiica 

latius s}>arsar The cause cannot have been iu our atmosphere, be- 
cause stars were sceu at noon.** Scbuurrcr (Chronik der Seucbeii, 
Th. ii. S. 93) is iueUnctl to believe, notwithstanding the visibility of 
stars, that it was an “ lioheuraucb/* or a foreign admixture iu the at* 
mospherf, because the Em|>eror Charles V . complained before the battle 
VOL. iU. / 
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ibai ** dea^ iidbttikd^ ^oitet tibi com bo^ 

tit'' (limbert^ Ilort<m0*d« bcUo german, lib. vl p. 182). 

p. 2S$.*<»Horrobow' (Basis Astronotudm, ^735^ { 226} already us^ the 
aime exprcaadbo. The solar light is, according to him» ** An Aurora b&reuf^, 
produced by actire magnetic forcte ccniinnalig ia operation in the Bun*§ 
almaspAere'* (See Ilanow^ in Job. Dan. Titlas* gemeiunuUige Abhandlongea 
uber naturliehe Dinge, 1768, S. 102.) 

(^) p. 286. — Arago» in the Memotres de* Sciences rnatb^m. ct phys. d 
riostitut de France, Amide 1811, Parlic i. p. 118; Matbieu, in Ilelambrc 
Hist, de TAstr. an IS^me Si^clc, p: 85 1 and 652 ; Fourier, Klogede William 
Herschei, ia the Mdm. de rinstitul, T. vi. Annde 1823 {Par. 1827), p. hiii. 
The result of au ingenioas experimeut of Forbes during a solar eclipse iu 
1S86 is also remarkable, and evidences great homogeneity in the nature 
of the light which emanates from the centre and from the margin of the 
Sua^s disc : a spectrum formed exclusively by rays either from the margin or 
limb was found perfectly identical, in respect to the number atid position of 
the dark lines traversing it, with the siiectruia which is formed by the whole 
of the ray#. If rays of a certain rcfrangibility are wanting in the solar 
light, it is not, as Sir David Brewster coojeetores, because they arc lo#t in the 
Sun's atmosphere ; since the marginal rays which traverse a much thicker 
stratum produce ibc wmc dark Hues, (Forbe#, in the Comptes rendus, T. ii. 
1S36, p. 576,) I conclude Ibis note by subjoining ail that 1 collectctjuu this 
subject, ia 1817, froar Arago’s matmscripti 

** D*?s ph^aorncrics de la polarisation colorcb doiiDcnt la certitude que le 
bord da Soksi a b mf^me intensiid de lumi^re qiie le centre ; car cn pla^ant 
dans b p>kfiscojite un segment du bord snr un segment du centre, j'obticni 
(comme efict compkmciilairc du rouge ct da bkn) nn blane pur. Dans un 
corps solidc {dans unc boulc dc fer chauffee an rouge) k m^me angle de vision 
embrnssc one plus grande ^*teodu« an bord qw'mi centre, scion U proportion 
da Ciialnm de Fanglc ; msis dam b m6mc prf>portion aussi k plus grand 
nombre de points mater ids 4‘mcttcnt nne himi^rc plus faible m raiton dt 
ienr aMgait/. La rapport dc Tangk cat natmikment le pour uno 

«]^dre gaxettsei mai* 1 ■obliquite »e produlsant pa* dan* Ics gox le meme dfet 
de dimination qua dans lea corps tolidea, h bord d« k sph^ ga^nse acrait 
plus lamlnenx qua ?« centre. C« qtic nont appellun* k dtsqne himinciix Jo 
Sokil, €*t la pHotosphfe* gaxense, comme je I'ai prmtvc par k nmntine alisoh* 
de tmea da Jpolamation smr k bord do dUqite. Four expliqucr dope rSgaHk 
dTenUneili dtt bord et do cirntre iudipude per Ic pokriscope, il faut ad Acttre 



im emrdoppe ext^rfeuro qm dimiaiie moini k Uml^re qui rient 

do c^tre qti« lu rayon* qui viennent tar le kmgtorqjet dn bord k rojil, 
Otte «nveloppe cti^nenro forme k conronne bkneli&tre dan* let ^iptei 
ioiaies du Solcil — La Inmi^re qui dmane des oorpt solidet et Uquidet 
incand^aceot, est partieUemeot pokrit^ qnand let rayons observes foment 
arec k surface de sortie, un angle 4*ua petit sombre de degr^ ^ mats il 
n*y a aucune trace sensible de polarisation lorsqu'on regarde de !a mftne 
mani^re dans le polar iscope des gaz eaflamm^. Cette experience deitiontre 
qne la Iami^t*e tolaire nc sort pas d’une masse tolide on Itquide incandescente. 
I 4 i lumi^re ne t’engendre pas uniquemeni k le surface des cori>» ; une portion 
nalt dans leur aubstanee niOme. cette substance fj(U*eIle du plaiine. Cc n’est 
done pas !a d^m|)osilion de Toiyg^ne ambiant qui donuc la lumiere. L’<^is* 
sion de lumiere polarise par Ic fer liqnide cst nn effet de refraction au passage 
vers nn moycn d’une moindre densitc. Partont oil il y a refraction, il y a 
pr<i<iuctioii d'un |>cu de lumiere polans^c. gaz n'en donnent pas, 

parccquc Icur couches n’ont pas asscz dc densite. Ia luuc suivic pendant Ic 
cours d’aijc liinalson entiere offre dcs clTcts dc jKjlarisalion, execple aTepoque 
de la plcinc lime et dcs jours qui eu 8pprt#chent bcaucoup. La lumiere solaire 
trouTC, surtout dans Ics premiers et derniers quart iers, a la surface io^gale 
(moutagneusc) de noire satellite, dcs incHuaisons dc plan^ convcnables pour 
prodnirc k p<dan8ation par reflexion/* 

p. 2S6.— 8ir John Ilcrscbel, Asiron. Observ. made at the Cape of 
Good Hope, § 425, p. 43i; Outlines of Astr. J 395, p. 234. Compare 
Fizcan and Foucault, in the Comptes rendus de i’Acad. dcs Seicnecs, T. xviii. 
lS^i4, p. SCjO. It is sufTiciendy remarkable that Giordano Bruno, who 
ascended the scaffold eight years bi'forc the invention of the teK ?cope*and eleven 
years before the distrovery of the solar s|>ots, believed already in the rotation 
of the Sun around its axis. On tbc other hand, he considered the light of tbo 
centre of the Sun's disk to be inferior in intensity to that of the margin. He 
imagined, by some effect of optical illusion^ that he saw the Sun's disk turu» 
and its whirling edges expand and contract. (Jordano Bnuvo, P^ Cimstiiji 
Bartholraeas, T* ii. IS47, p* 3t>7.) 

(^) p. Fizcau and Foucault, Kcchcrchcs siir Tintensite dc k Ju- 

mi^re emtse par k charbon dnns rexporienee dc Ikvy, in the Comptes rendus, 
T. xrlij. 1S44, p. 758, — intensely ignited solids (iguited quick* 
[into in Drtwnmond's oxy-hydrogen lamp) appear only as spoU oa 

the disk of the Sun when held between il and the eye/* {OutUucs, p* 5116 : 
Kosinos, Bd. ii, S. 361 ; English Ed. p, 821 .) 
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r)p- 2S7.^Comp«U «omments 00 Galileo’* Iett<?r9 to M^tm% 

Welder, oui) bia 0 {>tica] oiplaootiortA ouii remarks on the infliueiico of the 
dil\t»eci solar light reflerted from the strata of t)ic atmo9{>bero, which covers as 
It were with a veil of light objects si^n oa the face of the heavens in the field 
of a tclcsoope. (Annuaire dn Burcan des I^rngitude* for p. 4S2— '487.) 

{«?) p. 28S.— M^Ier, Astr. S. 81. 

(**) p. 288.^PhiU>s. Magazine, Scr. iii. Vol. 28, p. 230 ; and Poggetid. 
Annalen, Bd. Ixriii. S. lOL 

p, 220. — Faratlay on Atmosphoric Maguetisra, in Eipcr. Researches 
on Electricity/* 23ih and 2tHh Series (Phil.Tmni. for 1851, Part 1), ^ 2774, 
2780, 2881, 2S92 — 2968 , and forthchUtorica] part of the research, f 2S47. 

p, 291. — (\mipare Nervandcr. of lleUingfors, in the Bnllctin de la 
Classse ph/aiconiathCin.de I'Acad. dcSt.-P^tersbonrg,T. iii. 1815, p. SO — 32; 
and Buys- Ballot, of I'trccht, in Poggend. Annalcn der Physik, Bd. Uviii. 
1S46, 8, 205—213. 

p. 291. — I have distiftgnished by marks of quotation what I have 
taken in p. 291 to p. 291 from Schwahe’a manuscript common icatioos. 
The observations of the years 1826 to 1848 were previously published in 
SehsnsacbcFfl .4stron. Nadir. So, 495, Bd. xxi 1844, S. 235. 
p, 295,*— Sir Juba llersdiel, Cape Obs, p. 434. 


p. 297 - — Koitooji, IW. i. S. 20? and 442, Anm.49i Eng. cd. p. 188, 
(^) p, 298.— *Geseniu.s in the Hallischen Littcratar-Zeitung, 1822, No. 
101 and 102 (Ergaazuog.s bl. S. 801—812). The Cbaldeaus regarded the 
San and Moon as the two principal divinities, and the five planets only as 
presided over by Geoii. 

(•*) p. 29S. — Plato, in the Timarns, p. 3$, Stepb. 

Op- 298, — Bockh dc Plstonlco systems te codestium globormn cf dc vera 
indole asironomtan PiuloJaicte, p. xvii. ; and the same author in tbo Pbilolaos, 
1819, S. 99. 

298.— Jul. Finnicas Matemus, Astron. libri viii. Cod» Pruckner, 
Basil. 1551), lib. ii. cap. 4; of the time of ConsUniine. 

(*5 p. 298.— Humboldt, Monomens des peoples tndigl^ de rAmdnque* 
T, ii. p. 42-^9, At that early date, IB 12, 1 called attentlou to the points of 
analogy between the rodiac of Bianohioi and that of Dendeif. Compare 
Leifonne, Observaiious critiques iiir l«s reprdseoUtkmi aodiaailef, p. 97 ; 
l^psiiii, Chroooiogie der Aegy pier, 1949, S« SO. 
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(^) p. 298, — Letronuc swr Forigmc du Zu<it«qne grcc, p, 29 ; Lepsia?, Chro* 
t}ol(^£i 8. 83. I^tronne i^niented tli« aucieut Cbaldeaa origin of the pla» 
netlky on ac<iouiif of the number 7. 

{^) p. 298,— Vitruv. dv Areliit. ix, 4 {<xJ. Rode» 1800, p. 209). Neither 
Vilrmrius uor Martian us Captdlu give the Eg>'ptian» as the authors of a sy$. 
tein according to which Merxmry and Venus were regarded aa the satcliites 
of the Sun, that orb being itself viewed as a planet, Vitruvius mya : — 
“ Mercurii ftiilem ct Veneri* stcHje circum .SHdis radios. Solem ipsum, uti cen- 
tmmj itiucribus coronantes, rtjgressus rctrursum el n tardationt*s faeiunt/’ 

(Wi) p. 298.*— Martiaaus Mincus Felix CapeMa dc nuptiis philos. ct Mercurii, 
lib, viii. cd, Grotii, 1599, p. 28U : Nam Venus Mercnriu/^juc licet ortuj ocea** 
susqtur quolidianos osteiidaut, tameii corum cirruli Terras omnino non ambU 
nut, aed circa Solem laxiore ambitu circolaiitur. IXoiiquc circuloruin suorum 

centron iu Solo coustituunt, ita ut supra ipsum alupiando” As this 

passage is entitled “Quod Telins non .sit centrum omnibus planetis/’ it might 
indeed, as Gassendi asserts, have c^crct 1 ^ed some influence on the first views 
of Coperuicua, — more so than the fasj^igcs attributed to the great geometer, 
Ajwlionius of Perga, CoperDicus, however, only siys, “miuime coutem- 
ticndum arhitror, quoil Miirtianns CafMd’a scripsit, ciistimans quod Venus «t 
Mcrcurius rirctimerrant Solem in medio existciitcm/* Compare Kosmos, 
IhL ii. S. 350 ftuil r»0:t, A«m. H I ; Engl. td. p. 309 a- d cix., Note 474. 

p. 209. — lliMiri .Marlin, in hi.-^ commcHitary on the rimuius (Etude* 
sur le Tinite de Platan, T* ii p. 129 — 133), appears to luc to have elucidaUed 
in averv' happy manuer the j>a:^8agc of .MutroVnus on the “ ratio Chalda’rorum,” 
which had misled the excellent IJcler, iu ^Vv>hV"s and IhitlnnaniCs Musenin 
dor AUerth«m6*\Viss4*«s('haft, IC!, i.. S. t43, and in his Memoir on Eudoxu% 
p, 48. Macrobios (in Somn. Scipionis, lib. i. ran. lU, lib. ii. cap. 3, cd. 1694, 
pag, 64 ftud 90) does not appear to have known anything of the system 
of Vitruvius and Martiouus (.apeUu, in which Mercury and Vcuus arc 
satellites of the Sun, which ilscll luove^, together wiihthe remaiiiiiig pUnets, 
roll ud the Earth, which is fixed in the centre. He lurrely enumerates the 
dtflcfcocos in the ^uco’sskm «f the orbiU of the Sun, Venus, Mercury, and 
the Moon, according to the assmnplion.s of Ci<Hrro. He says, Cioeroai, 
A rchimeden et Chaldaxiruiii ratio eon^entit, Fltito -Egypt ios sccuius * 
NVhcii Cicero, in the oku|ucnt dcscriptitm of the whole plaiutary system 
(Somn. Sdp. cap^ 4), exilaim* “himc (.Solwn) ut comites consequuntur 
Veneris .dter, alter Mfemirii c«rsu.s” he only imints to the nearness to each 
other of the urbiU of the Sun and ot th»>se two iiifcxior planet*, after having 



ettotnmua tli« thm of Snti^ tod kUit, aU 

loimd iba uuotoniig E«rtlt« Tbe orbit of » aeeondary pjftoot or 
eoftnot iorliide tbe orbit of a planet^ and Hacrtikua 

taja deddadtjr — iEgyptiormo ratio talii eat : circulof, per q««m Sol dia* 
a Mereimi cimilo nt inferior ambit ur« ilhiin qooqtt* wporior dm- 
Int AVncm IndodH/* Ail are permaneiitl;jr pandid orbit*, one ineludmg 
another. 

{*®*) p. Ghrouologie der Aeg)^pter, Th. i. 8. 207* 

p. 202. — The mutilated name of the planet Mar*, in Veititt* Valeus 
and Cedreno*, maj probaldjr answer to the name of UerHoteh, a* Seb to 
Satnm* (See iast^qnoted work, p. 20 and OS*) 

i^) p. 800.— We and tbo mod drtktng dHTercnttss on comparing Ariatot. 
Metaph. xii, cap. S, p«g. 107S, Bekker, with Paendo-Arutot. de Mnudo, cap. 
Zi peg. 32S* lu the iasi^meotioa^ work there already appear at the names 
ol planet*, Phieton, Pyroi*, licrcnlea, Stiiboa, and Jnno j pomting to the time 
of Apuleioa and the Antoiiine*, when Chaldean aatroloj^fy had already spread 
over the whole Homan empire, mid denomination* belonging to varioo* 
ni^ni were intermingled with each other. (Coni{Nue Koitnos, Bd. ii. S. 15 
tad lOd, Awn. IS; Kog. cd. p. 14 and Hi, Note 18.) Diodont^ Sicalas 
aay* expressly that the Chaldeani had Sn^t named the planet* after their 
Babylonian deities, and that it wa» thua this elas* of name* had passed to the 
Qredks. Ideier (F^idoxtia, S. 48), on the ooutrary, attribute* these rtp|KJlU. 
lion* to the Egypt mni, wid ground* his optuum on the ajicicnl cfi«tcitce ott 
the banks of the Nile of a »e^*eo days* planetary week (Ifaudbuch der Chro- 
ndi^'e, Bd. i. S. 180); but this hyptithesi* has been elTectnally refuted by 
lq>»ins (Chronol. dcr Acg. Th. i. 8. 181). I will hew bring together the 
•yuoitymott* name* home by the 6v« ancient planets, taken from Eraatotbene*, 
from the author of the Eptnomt* (l^ilippua Clpuntiu*?), fwm Geminus, 
Fliny, Theoot of Smyrna, Clcoiaiede*, Aehille* Tatius, Julioa Firmteu*, 
and StmpHeius : their preaemiiosi baa probably been piihcit>any caused by 
itfaehment to the dreams of aatfology. 

Batwii : Neweib ; also called if tire eathors ‘*a itm*' (Thcon 

Sii^rn/p. ST tmd Ifr5/Mar^^ 

Jopiter t OilHa. 

Hir* ; Wtipdri^^ 

Vetmas 1^ tferwfpa*, Ta*p«r i duno ; Iti*. 

Ilmuryi rreXAww; ApoBo. 

Achilla* Tailu* (Isag. In Pbieii# Aratl^ cap* 17) think* It sUaiigt that 
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Bgjrp&ta M well as Gradrs sboaldi gife tha name of ** the brigU*’ to tlio 
all iha j^ets (probaUjr»lHs aurmises, oalf Vmaseit brlugs good for« 
toAo). Accordii% to D»odorati> it was “ because Satura was the plaxict which 
made kttowii the fature with the most fulximaod cleamefts/' (Letroone, 
iurrorigiae do Zodtaque grec, p« i and ia the JotimsI des Savautfi» 1836^ 
p* 17. Compare also Carteron, Analyse de Hecherthes Zodiacalca, p. 07.) 
KajD3<ni which pass from oue natioa to another by means of equiv alents, do 
iadeed ofteo depeud i& their origin on acddental cireumstauces which it is 
hhpdaaiUe to trace ; bat yet it may be well to remark here, that, linguisiically, 
eapreaaes merely shiuiug ; therefore, a faint, coutiuaous, equable light : 
while irrtK$nf supposes an interrupted moru vividly bright and more 
tparklmp light. The destwiptive appeiiations— for the remoter pbnet, 
Saturn; audemXjSwy for the nearer planet. Mercury — appear to me the more 
appropriate^ because, as I have already remarked (Kosnios, Bd. iii. S. 84 j Kng^ 
ed. p, 63), in the daytime, in Fraunhofer** large Kefrattor, Saturn and Jupiter 
appear faint in their light, in compariton with the sparkling Merciury. 
There i* indicated, as Professor Fran* remarks, a sucocssifc increase of bright^ 
ne«a from Saturn (ipaamw) to Jupiter, the lustrous guhler of the luminous 
chariot (<ptt4;h»v) ; to the coloured glowing Mars {w¥p4us ) ; to Vexms 
; and to Mercury (<rriX3aiv). 

The Indian appeUaiion of the slow -moving'* (sanoistachara), for Saturn, 
being known to me, it led me to inquire from my celebrated friend Bopp, 
whether, in the Indian names for the planets, as in those of the Greuka, and 
possibly of the Chaldeans, it was possible to distinguish between mythnlo- 
gical and vlcscriptif c names. 1 subjoin the information for which I am iu- 
debiod to this great phitologisi ; placing the plaueu, howTtcr, as in the above 
table, in the order of succession of their real distaiict.s from the Sun (begin- 
niug with the greatest distance), iasttad of iu the order in which they are 
arranged in the Ainarakoscha (iu Colebrooke, p. 17 and IS). According 
to the Sanacrit aomeuclaturc, there appear iu fact, amaag five names, to be 
three which arc descriptive one* : thoae for Saturn, Mars, mid Veuns. 

**Sa/urH: sanailachara, from *aanaia, slow, and tschara, moving ; also 
B&uri, a name of Vishnu (derived as a patronymic from 'sfira, gmndiathef of 
Krishna), and ’aaou The planetary name ’sani-vara, for dies Saturni, is 
radically allied with the adverb 'sanais, slow. The appellations of the tlaya of 
the week according to the plauef * do not, however^ apl>enr to ha ve been 
known to Anmmiahn* They arc probably of later introductiou. 
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Vnh«s(»atij of, acoonlaig to the more «nciciit Vodm mode of 
wriitng^ whieh i* followeil by fjmon, Brihesjiiiit ! Juord of growth j a Vedic 
ildty : from mh (brib), to grow, aod piti, lord. 

** Mfrf : Aogaraka (from engam, baruiog eod) ; also, loUit^nga, the red 
body: from idhita, red, and uuga, body. 

Fmtis : a male planet, called ’solira, i. the bright. Another appellatton 
oftthis planet i# daitta^guni t teacher, (guru) of the Titans, Daityaa. 

Mercury ; Budha (a planetary name not to bo confonuded with Buddha, tlw 
founder of a ereetl) ; also Rauhin^ya, the son of the nymph Rohiui, the con-* 
aori of the Moon (sonm) ; whence the planet is sometimes called sainnya, a 
patrofirmio of the Sanswrit word for moon. The etymological root of both 
Budha and Budtlha h budh, to know, ft ap][}cars to me very improbable that 
Wnotan (Wotan, Odin) is connected with Budha. The conjecture has no 
doubt besen pritsripally founded on the external sitnilarity of form, and on the 
agreement in the name of the day of the week, dies Mercurii, with the old 
Saxon Woilanes-dag, and the Initan Budha-vara, Budha's day. Vftra sig- 
uidca origifudly time, e. iti babuvUfan, many times, or often ; later tt ap- 
pear* at the end of a c<:»m[>osite form in the siguiticalioii of day. Jaerd) 
Orimm (Dctitsche Mythologie, S. 120) deri%’es ihe Germanic Wnotau from 
the verb ivatan, vuot (our German waten ; English, to wade), w hich signirus 
mcarc, traosmeare, cum tmjMdu ferrt, and corresponds litemlly to the I^tiu 
vadcre. Woo^an. Odinn, is, according to Jacob Griinrn, the a’l-powcffd), 
aM^perrading Being • qni omiiia permeat, as Lncan says of Jupiter/* 

Compare on the Indian name of the day of the week, on Budha and Buddha, 
and the days of the week generally, my brother** remarks in hi* w <»rk. I eber 
die VVrbiadnngeii xwiseben Java md lodien (kawi Sprache. Bd. i. S. 
1S7— 

(***) SOO, —Compare Lctroniic sur I'.^muleltc d« Jules et ics 

Signes plaiictaires, in the Revue Arrhi^bgrqnc, Aonde iii. 1S46, p. 261. 
SalmMins saw in the inost ancient planetary sign for (he planet Jupiter, the 
loituil letter of , and in that for Mar*, an abbreviation of the name 
The ^Inr dise, employed as a irndenrd almost ntirecr»g- 

nltabk by a Iriaufular oblt<|( 2 eiy bstiing bundle of rays. At the Earth (apart 
from the BhRolaic Pjthagoirean igrstcm) was not reckoned aiaong tne 
pSanel*, letronne coosider* the planetary sign etnploye<l for the Earth to 
have cotne into use subsequent to Copcntictu, The remark^^te passttge of 
Olympiodom, on ilm eoniteraitos of metaU to pfirtieular planets, is bombed 



{fom Produ*, aii4 was discovered hy (la the Basle edition it it in 

|), 14, nud in Schneider’s in p. 30,) Compare for Olympiodorua : Ar^M* 
Meteor, cd. Idcicr, T. it, p. 1G3, The ScUoliou to Pindar (Isthm.), in 
which the metals are compared to the plaitets, also belongs to the Neo* Platonic 
School. (Lobeck, Aglaophamus in Orph. T. it. p. 030.) By the same coo- 
nection of ideaa planetary signs came gradually to be employed as signs for 
the metals, and in particular ca^s even ftiruiithed names to metals^ as mercury 
for quicksilver, argeutum vivum, and liydrargyrus of Pliny. In the valu- 
able coilection of Greek manuscripts in the Paris Library, there arc two 
manuscripts on the cabalii$tic, j^o-callcd sacred, art; one of which (No. 
2250} menliona the metals consecrated to the planets without planetary 
signs, but the other (No. 2320), which is a kind of (chemical Diclionary, and 
belongs to the 15th century, combines the names of the metals with a small 
number of planetary signs, (Hafcr, llisloirc de la Cliimie. T. i. p. 250.) 
In the Paris mauuM:ript No. 2250, qnieksilvtr is attributed to Mercury, 
and silver to the Moon ; while in No. 232t^, on the contrary, quicksilver is 
given to the Moon, and tin to Jupiter. Olymjuodoriis assigned the latter 
metal (o Mercury: — so (luctiudiiig were the uivsticol relations of the 
heavenly Iwdies to the jwwers of the im tals.*' 

This is the place for alluding to the allotment to diffcTcnt planets of the 
several hours of the day, and of the several days of the short period of sevea 
days, or the week, respect iug the aiitiqtiity and the prevalence of whichi 
among remote nations, more correct views have very recent ly been put forward 
for the first time. The Egyptians, as is shown by Lepsius (CUrouologie der 
Aegypitr, S. 132), uud testified by monumeuii reaching back to the very early 
times of the coostructioa of the great pyramids, had ariginally short period*^ 
similar to weeks, consisting not of seven, hut of ten days. Three such 
decades formed one of the twelve months of the solar year. When wc read 
in Dio CasstOH (lib. axjvii. cap. xviii.) ** that the custom of calling the 
days of the week after the seven planets came first from the Egypt ions, and 
had spread not very long ago from them to all other nations, and in parti- 
cular to the Homans, among whom it had ixlreaify become cowplctcly natu- 
ralised,^’ wc must not forget that tlm writer lived so lute as the leigu of 
^^^ander 3«vcnis, and thot riucc the fir>t iuTasion of Oriental astrology 
under the Csesara, and paniicularly in consequence of the great assemblage aod 
intcre^urae of {icrsons of so many nations and races at Alexandria, it had 
hc4jome usual ttnoug the people of the West to give the name of EgyntUm to 
whatever atemed to bu ancient. Without doubt the week of seven days wia 





tttoH friipnAt aad most iUKmf Ui» Semite ttot oiHy tmtmg 

H<lire«r»^ IkU tlw iUli jiui Nomadet long 

I jpkT^oaed to a learned inmtigiti»r of Semiilo ani^nit 7 , iht Orienttl tri^ 
Pinf. TiM^endoif, at thn <|ao«ttonff» — whether there were in 

the vrntinga of the OU Testament, besides the Sablmth, any traoea of names 
for the several days of the week (other than the second and third day of the 
schehna) ; ami whethef there coald nowhere be found in the Now Testament, 
at a time when htreign reaidenta in Palestine certainly already tnirsucd plane, 
taiy astrolc^y, any plaacUry deoomtnation for a day of the week ? The 
answer was : Neither in the Old nor the New TeaUmeot are there any traces 
of ai^dlationa for any of the days of the weede taken from the pitneti, and, 
moreover, none such can ho found either In the Mischaaor the Talmud. The 
ctiaiom was not to say * the seoondor the third of thesdiehua/ but to eoasU by 
she days of the month : the day before the Sabbath was called ^ the 6th day,* 
without any add’itio!i. The word Sabbath was also applied directly to the week 
iteelf (Tdeler, llaudbiich Act Chronologic, lid. L S. 480), whence wednd in the 
Tilinud, for the several days of the week ; hrst, second, third of the Sabbath* 
The w'ord for schehiia, is not in the New Testament. The Talmud, 

of which the redaciioa extends from the second into the dflh ecciury, has 
Hebrew names for ftstiicukr planets, t. e. the Venus and 

Mars. The name of Sahbatai (properly, Sabbath-star), given to 
Sitom, i#partkt(darly remarkable, as is also the circamsianee that among 
Ua Pharisaic names of start eoamcfated by Kpiphaaius^ the name Tlcx'hab, 
Si^htih, » used for the planet Saturn. May this have had any indoeoee in 
eiuiiimg thad^r of the to become the day of Saturu : Saturday, the 

Satunaii^^ i. 3, 18) 5" A {MfiMige t/t TiU^ita* 

4) emiiderations, Ukiag the iiAine of Snturn 

UmlteoM* ImtA t« ^ ^ * parttjr legen ^ 017 , }*artl 7 ItUtorieal 

4inpl9».” (Oomptro i^to Fttnt, KnlUir> ood liitt«Mof>geKbidite der 
Atica, 1849. $; 40.) 

of Moon in her n anrornllj ban 

nttni^ra of Ihai#^ mi utmlo* 

|[$«a{&»eiM« Wc nciuH 

ariaca ftiMi tt>e kngtit nonUi. of arjiieh fbe ftnotb p^ 

fliartoint: on ^ •wwi^ 7 iaf» ini ilka; tni tlinf, on liio o»li« 

U> aariei or.tke intwYiii lM4<r0Mt iko liaaut*^ t» wait 

M to pttaabn; oni Wong to n wtoAf pofioi. ooi to « 
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dUfemit opi&ionf have been propouiided m|>ectlrtg the ftppdktianf 
of the d^reist da/a of iho ereek Ukeo the plaacta^ aad respecting the 
^ ih^ hcAvmly hodm, 

Satturs, 

dupiter. 

Mam, 

Sub, 

Venus, 

Mercury, and 
Moon, 

os placed according to the oldest and most widely prevalent belief (Ocminos, 
Elcm, Asir* p. 4 ; Cicero, Soma. Scip, cap. 4 ; Firmiciis, ii. 4), between the 
sphere of the Axed st«^ and the Earth,— itself ira mo veably at rest in the centre. 
Of the ilure<^ Tiewi alluded to, one is taken from musical ialcrvals ; another 
from the astrological names of the planetsLry hours ; and a third from the 
distribution of eveiy three docaas, or three planets who arc the lords 
(domini) of thi^se deoans, among the twelve signs of the zodiac. We find 
the two hrit^uamed hypotheses in the remarkable passage fa Dio Cassius, in 
which he wishes to explain (Hb. xixvii. cap. 17) why the day of Saturn, our 
Saturday, is kept by the Jews, according to their law, as the Sabbath. He 
says s ** ff we apply the musical iateiral, called 5ia Trffowpwr, the fourth, to 
the seven pta«ets, according to their times of revolution, and assign tff Saturn, 
which is the outermost of all, the drst place, we come next to the fourth 
{the Sun), and then to the sefcnlh (the Moon) i and ihns we obtain the 
planets in the order in which they foUow each other in the names of the days 
of the week.** Tlio oommeotary to this passage is gircn by Vinceat, ** s«r 
lea Manuserita greet relatifk k la Mttsi<|ac,** 1847, p. 13S s compare alao 
Lobeck, Aglaophamut, in Orph* p. Oil— 940. The teeond explanatioa of 
Dio Cassius is taken the periodical series of the plauetaiy hours. He 
says : *' If we begin to cfount the hoars of the day and night from the tot 
hour of the day, eailing the firsl hour that of Saturn, the second that of 
Jttpit^, the thud hoar bdonging to Mars, the foarib to the Sun, the flith to 
Venus, the ^h to Mercniy, and the seventh to the Moon, according to the 
order assigned by the Egyptians to the plsncts ; and if we alwrays begin again, 
and go through the same round, — we shall find that, after passing through the 
twenty^foor heart, the first hour of the next day hi that fii the Sun, the Eril 
hour of the thlH day that of the Moon, the first of the ftmith that of Mara,—* 
and, in short, that the first hour of each day will be that of the plane! from 
which the day k called.** Thus INudos Alexandriuus, ea astronomer and 
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of tbe fomtb eeniory, oiil* rejjenl or jruler o! each day of the 
week the planet whote fiame falU to the diet hour of that day. 

'ThU mode of eaptaoatioa of the oaiuca of the day a of the week baa been 
hilhtrto very gtoerally rceeived a» the eorrret ouo ; but T^trooue grouuda 
upon the long neglected xodtacal circle uf Bianchiui (which ta preserved m 
the Louvre, aud to which I myaelf, iu the year 1812, recalled the aUeatioQ of 
aiitM)uanaua, ou aocouut of the remarkable combi natioo of a Greek with a 
Kirgiao-Tarfar xodiae) the belief that a third mode of explauatiou eorresjioads 
beat to the diatributiou of every three planets to a sign of the xodiae. 
(Lctrouue, Obsenr. crit. ci arch^L aor Tobjet de« reprdscutatioua aodiiicaics," 
iS2i, p, 97—99.) lliU dislribiitiou of the plaueU ainoug the thlrly.i*ix 
deeana of Dodccatontery it quite that which U deacribed by Julias Firmicus 
Matemiti (ii. 4) as aignonim decani corumquc doiniai." If we distiugukh 
hi each sign the planet w hich is the first of the three, we obtain the succcs- 
aiou of the planetary day* in the week. (In Virgo — Sun, Vcous, Mcrcnry ; 
m libra — M<h>h, Saturn. Jupiter; in Scorpio— Jfura, H«n, Venus; lu Sagit- 

taritis — Mermrjf may here serve m instances of the first fbor days of 

the week i— IHe* S(*^44, Martu^ A*, acirordingto Diotlorus, 

the Chaldeans originally counted only five pkurls (the starry owes), not 
seven, so alt those eombiaatlous in which {>enodtC4J aerie* are former! of 
more than five planets, ap;«ear to have not au ancient ChiddeaD, hut rather 
a rtsy late astrolc^cal origin. (lAti-onuc, *»r Torigiuc du zodiatim grcc, 
1840, p. 29.) 

Some of my readers may perhaps be pleaded to find here a farther very 
short explanation of the agrc;cm< nt between the ortJer of succession of the 
plsfiel* as days of the wrek. and their order of suceevsion and distribution 
amoag the deean* in the aoKliac of lliaiiehini. If. taking the so^calied seven 
pkiieU in the order of sueceaston in which they were arranged accordiug to 
th^ ettslom of the ancients, atid assigning to each a leticr— (Saturn a, Jupiter 

Man Sue </, Venn* #, Mercury/, Moon y)— we make of these seven 
mambm the periodical aeries 

a 4 c d ode d... ; 

thm Wf obtam,*-*^lst, by mUaiiif two members in (be distiibitUoti ammig the 
dactnaj, each tme of which eoittaina three plaueU (of which the/r#/ ifi each 
fodiainl sign its name to the day of the week), the new periodic 
fine*, 4 w sf yr r.. ... .. ^ 

I. e. Dm SeUuitf, Selia, Ltmie, Marti*, $se.; and iiidly, the same aw 

aema w rf / * 

^ the method ghreobylfioCiiiaiua of the iweaily^foor plmialary hottrai a««<«p^afi 



to whlcli ilic imwftwive of the week take tUe ir names from the plaitet 
which rulca over the first hour of the duf ; so that we have alter aalelv tc take 
a meittber of the periodical plouetary scfica of seveti members, and to pass over 
or omit S53 members. Now, in a pcrit^dical series, it is indlfiereiit whether 
wc omit a certain number of memijcrs, or this number atigmented by any 
multiple of the number of members in the period (which in this case is 7). 
lly omiUtni; 23 («*3 >r 7 + 2) members in the second method, that of the 
jdanetary hours, wo are conducted therefore to the same result as by the first 
method of the deeans, in which only two members were passed over, 

I have already referred ui the preceding note (*^), to the remarkable re* 
semblance betwreen the fourth day of the week* dies Mcrcnrit, the Indian 
Budh8*vAr», and the old Saion Wodiine.s*drig. (Jac^ib Grimm, Deuts<ihe My* 
thologia, 1^4, Bd. i. S. 1 14.) The identity asserted by Sir Wm. Jones between 
Buddha aiid*^lu, Woden, Wuotan or WoUn, so celebrated in m rthern heroic 
S^s, anAm the history of northern civilisAiion, may perhaps be rendered 
still more intjeresting by remembtring the name of Wotan tts that of a half* 
mythical, half- bialorical personage iu the cenlral parts of the New' Continent, 
rcspectiag whom I collected many not ices in aiy work ou the Monuments and 
Myths of the Aborigines of America (Vues des Cordilicres et Moaumens dcs 
Pcnples tudig^nca de rAmerit^ue, T. i. p. 20H and 382 — 384 ; T. li. p. 356). 
According to the traditions of the natives of Chiapa aad Socouu,^o, this Amc* 
rican Wotan was the grandson of the man who in the great iuundatiou saved 
himself in a boat aud renewed the race of maixkind. He caused great btiild* 
iogs to he constructed, during the erection of which (as during that of the 
Mexican pyramid of Cholula), confusion of tongues, strife, and dis[Hr?iou of 
tribes ensued. His name pa-sj«?d (like the name of 0dm in the Germanic North) 
into the CaJendar-aysteiii of the natives of Chiapa. One of the five-day [xirivAs, 
four of which formed the mouth of the C'hiapaneks, as well as of the Awes, 
was called afler him. XN^hiic, among the Artecs, the iiauits nvid the signs of 
the difTereut days were taken from amuiuls and pl&tits, the natives of Chtspa 
(properly, Tcochiapan) designated the days of the month by the names of 
twenty leadem, who, from thr* Smth^ had ctmducUd ihein thu* far 

toward the South, The four most heroic of Uicsc lca<krs— M oJau or Wodaui,, 
lambil, Bctfi, and Chiimr*-**gavc their uaities to the o|»cuiog days of the small 
periods, or weeks of five days,*— a tH»?t which among the Axtcc# was oceapicA 
by the symboii of the four elements, Wotau and the other leaders belonged 
mcontestably to the race of the Toltm, whose im^asion t^>ak place in tha 
wauth ceuiury. IxtiUsoehiU (his Christian name was Feniando dc Alva)» 
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Uitt fivii iii;« In tKe fnanntoHiptt 

«nr)}r nt the h<^amng of the 10ih century/ thet tbe 
ptotiiice of Toochinpftnt end the whole of GanUmaK firom one coast to the 
olhto^r wtM and even that at the commettcemeat of the 

Spnnhh Con^nest there tflU lived fa the village of Too|Hrca a family who 
hoeited of their deseeut firoto Wotaor The Biahop of Chiapa, Frandaeo 
j^nftee de la Vega» who was l^stdeniof a IVoviaeiaIXoaeitium tn Gnaiimala, 
collected many thinga reepeetlng the legeadi of the American Wotan in iiia 
** Preambnlo de lie Conetitaeionea dioeesanaa.^ Whether the (raditiou of the 
ftnt Scandilaavian Odin (Odinn, Othfnaa) or Wuotan, aaid to have come fnjm 
the banka of the DoHj baa any hlatorie fonedation* ta still very nneertain 
(Jacob Grimm, Bentaehe Mythologic, Bd. i. S. 120 — 150). The identity of 
the Amencan and Scandinavian Wotan, which dtxra not indeed rest solely on 
the mere similarity of sound, still remains as donblful as does the identity of 
VTttotan (Odinn) and Buddha, or that of the names of the Indian founder of 
the Baddhiftic religion aud the planet Budha. 

The tnppoacd existence of a Peruvian week of seven days, so often adduced 
at a Setnlisc sfimianty between the two conttnenU in respect to the manner 
of dividing time, rcfti, as Pater Acosta, who visited Peru soon after the 
S^pmitah Coni)uest, had already shown (Hise. natural y moral dc India*, 
1591, hb. vL cap. 3), on a inm error ; and the laca Garetla^mi de U Vega 
himself corrected his earlier flalemcnt (Parte 5. lib. ii. cap. 35), by wiyiog 
diatifictfy, that in each of the montha, which were reckoned by the Moon, 
ihara mm three festival days, and that the people were to work eight dsvs 
and x«it the ninth day (Writ L lib. vi. cap. S3). The «o*ea!Usd Peruvian 
ireeki were ihefefi>re of nine days. (See my ** Vues dc» CoardiU^m/* T. L 
p, 341— 343.) 

(**®) p. SOI. — jftockh Sber Philolao^ S. 102 and 117. 

mr- SOi.— We <mght to dfstingnith, in the history of discoveries, be* 
smii the epoch when a dlseovcry was made^ and that of iu hrst puhlkation. 
% iioi atiending to this dfistloction, diseoifdaiit and moneotu dates have 
been intYadoeed in^ ascnmomieal comply Thns^ for mmpki Hnygens 

dhieomed the aixih satellite of Saturn, THnn, on the 25ih of Mji^» 
ISW, (tfngenS Opera vmia, 1724, p. 623), and published the diacov^ for 
the Ibal on tlm 6ih of March, 1653. {Syiteiiia Satuniiom, 1652> 
p, t.) Hnyfeoa, who had been uniulerittpiedly occupied wilh^atam ski<^ 
the moulli of Bf ardi 1366, eeijoyid the fhll and undoubted vituv of open 
liai tm I7th tNT Beees^ 



his of aU the ooiU 15S9. (Gatilao hed 

onty ^<^ght thiit he law on ^their side of (he planet two detached, etreiUar 

dishs.) 

{««) p. SOtt.— tCostnoft, Bd. i, 8. 95; EagU cd. p. 82* Compare also 
Eoeke in Sehttmacher's Asir. Nachr. Bd. %%n, 1848, No* 622, S. 847. 

f p. S16.— Bockh de Platottkso eyst. p. sxit., and ia his FMloUoe, 

S. 100. The order of arraiigemeat of ihi planets, which, as we have 
just seen (Note ”®), gave occasion to the planetary appellations of the days 
of the week, and which was that of Oeirtious, is distinctly celled by I^emy 
(Almag. si. cap. 1) the most ancient* Ho blames the motives which had 
led ** more recent*’ writers to “ place Vcmis and Mercury beyond the Snn.** 
(*'^) p. 815.'— The Pythagoreans defended the belief in the reality of the 
production of musical sounds by the revolution of the spheres, by asserting 
that we boar only when there is alternation of sound and of silence, (Aristot* 
de Ceelo, it. 9, pag. 200, No. 24 — 80, Bckker.) The musie of the spheresis 
also said to remain unheard by reason of a deafening effect. (Cicem dc rep. 
vi* IS.) Aristotle biuisclf terms the Pythagorean myth on this subjeet, 
plea.^mg and ingenious, ica« irtpirTwr), hut untrue {1. c. No. 12 — 15). 

p. 815.— lh>ekb, in the Pbilolaos, S, 90. 

p. 316.— Plato do repnblica, t. p. 617. He estimates the distances of 
the planets according to two cutircly dilTerent pix^ressions— one duplicate, 
the other triplicate — whence there arises the series 1, 2, 3, 4, 9, 8, 2?* U 
is the same series which is found iu the Timajus (p, 85, Steph ), in specula- 
tions relative to the arithmetical division of the soul of the Univerte which 
the Hemiurgus undertakes. Plato has cousidcred the two gcometricid 
progressions I . , 2 . . 4 . . 8 and 1 . . 8 . . 9 . . 27 coiyointly, taking 
^ch sucGessive number aJtcniatciy from either series; whence, as above, 

I , . 2 . . S , . 4 . . 9. Compare Bockh in the ** Studien von Baub nnd 
Creuror,** Bd. iii. 8.84—18; Martin, K tudes sur k XimAft, T. i. p. 884, 
and T, it. p. 64. Compare also Prevosi ** sur Tkmc d’apr^ Platon/* in the 
Mto. de PAcad. dc Ikrliti pour 1802, p. 90 and 97 ; and the same writet 
in the Biblioth^ue briiannique. Sciences ct Arts, T, axxvii. 1808, p. 158. 

(•**) p. 816.— Scu the tugenious treatise of Professor Ferdinand Piper, 
entitled ** Von dor Harmonie der Spharen/* 1850, S. 12 — 18. The yonnget 
Idekr has treated in detail, and with much learned criticism, the subie<2 of 
Bte supposed relation of the seven i^wds of the aneieut KgTjdtan langiMga 
to the seven planets , and Gustav Scyffarlh's ideas (refuted even by the 
vesearches of 8<%a and TOlke) respcctiug supposed astrological vowd-flM 
hymns of tte i^ptiaii priests, discustiag them in conneciiou with passages 



OtVi 3^0TE$. 

of Ibe Pdt;a4a«l)(i»i»etriiis Pha!ereu« (perh^pi Dfmetriu« of Aloxtndm), aa 
of Enaebiua, ftnd « gaostlo trmntateript at Xiejdeii. Soa Hamapion, 
1S41, i’ara t. p. and eompajro with it Lobeck, Aglaoph. T, ii. 

p. W* 

(^) p. S16.^ — On the gmdoai development of Kcplei^a musieei idca», aee 
Apdt^i CammeoUry on the Harmoniee Mundi, in hie work entitfed Johann 
Keppfcr'a Weltmuicht^ 1 Gi9, S. 7G — 1 6- (Compare a]«o Ddamhre, Ili*t . de 
PAetr. mod. T. i. p. 352--3G0,) 

(sw) p. Sl6.--.Kt>ftmoa, Bd. H S. 853 ; Kogl. cd p. 318. 

(^*^) p. 81|.— Tj'cho Brake hod anothilated the crvahtl apherea to whieb 
the pUaeta were auppgeed to be attached. Kepler praiaea thia enterprise, hot 
yet perftieta in repreaentiug the aphere of the filed atara as a aolid globular 
thell of two Germau milee in thickoeas, on which ahiue twelve stars of the 
first iQJignittido, all at an equal distance from the Earth, and having a parti- 
rolar relation to the augtee of no icosaetlron. The fixed stars lomtua sun ab 
$Miia emiilutit the planets were also supposed to be aelf-luminous until he 
“ learn I better from Galileo!’^ AUhongli, like serend of the artdeuts, aud 
like Otordano Bmno, be regarded all the fixed stars as suns similar to our 
own, yd he was less favourtiblc than I have stated in an earlirr roUima 
(Kosmoo^ Bd. ». S. 365; Kngl ed. p. 321) to the opinion ** whirh he h«d 
pondered/' that they arc all surrounded by |dauet«. Com[iafe A|[)e)t’a work, 
quoted above, S. 21—24. 

p. .317. — I>ekKibre, in the Hist, de I'Astr. mod. T. i. p, 314, in hit 
astrouomkally but not astro! ogically complete extracts from Kepler’s 
Sdm&nUichen Werken, p. 311— (H 5, first called aitentton to the planet con- 
jtctrtred by Kepler to exist between Alcreory and Venas. ‘’On n’a fait 
aaenite atteotioo a ceUc supposiliou de Kepler, quand on a forme det 
prerjeU da cb^uvrir h jdaiietc qus (ados uuc autre do tea pr^ctions) devait 
tirenkr ettire 5Jar* ct Japitcr/’ 

p, SI?. — The remarkable i>aMage respecting the filling up of a gap or 
hhitua between Mars and JttpHer, is found iti Kepkr’s Prodromoa IVisscrta^ 
lioniiin coamognq^ Mystcrinm coamt^raphicttm de admi- 

wWK p«>oportk^ orbtnm ctclesimm, 1526^ p, 7 1 — Cam igitor hac »<>n 
•iiaccdareiy alia via, tnirutn quam andaci, teuUvi aditofii. Inter Jovem ti 
Maitam mterpotni novtim plxnetam, Hemqna atinm inter Venefam ct Mer 
eiiiriifm, qnoa 4«o« forte ob exiliutem non videamwi* Hiqac ana tempora 
periodical aaeripst, Hk etiim esiatimabam me aliqmm leqiud&teBi proper* 
tfomtiii tfiMamm, qom pvoportiemea inter binoa veraoa Salem mdiae imuna- 
retttnr* rerani fiiaa an^^acerimi; tit eat Terra VwieH qjitiitiuta 



* KOTts* cxrfi 

orbi« termirSfi qtuun Ma» Teme in qtuintitat« orbia Martia* Teram 
hoc pacfto neqtie tmiat planeiee iotcrpoaltio aufliciebai iugenti hiaitu 
Jorem iqtor et MaHcm : maucbat eoim luxijor Jovk ad ilium novum 
proporitOf quam eat Salurni ad Jovci«i« Kunus situ modo explo- 

ravi ./* Kcpkr w» twenty -five yeari^ old when he wrote Ihia, We aee 

how hi# mobile apirit wt up hypothesei* and qniekly abandoned and exchanged 
them hr othera. Through tdi sneb changen he preserved a hopeful confidence 
of diacovering numerical latPit even where, amongst (he moat varied perlur- 
batioDf of attracting forces (perturbations of which our ignorance of the 
accompanying conditions forbids all atteinpt at calculating the combined 
actiou), Ibe tnailer of which the plantaary orbs were formed has b«m con- 
solidated into bodies revolving in some instances singly in simple orbits, 
almost parallel to each other ; i« others in groups, and in wonderfully inter- 
secting and intertwitiittg orbits. 

(^) p. 318. — Newtofti, Opusculamatbeinatica, philosophica et philckgica, 
174^i, T. ii. Opusc. xviii. p. 246 : ‘^Chordara musice divi^am pot ins adhibui, 
non tantmn quod entn phtenomenis (lucis) opt line convetut,$ed quod fortosse, 
idiquid circa colorum harmonias (quarum piciorcs non penitus ignari 4nni)| 
sononim concordautits fortasse analogtia, iuvoW^t. Quemadmodum vensimi- 
lina videbitur ftniinadvertenti athnitatem, qum est inter extimam Purpuram 
tViolarttm colortin) ac Bnbcdinctn, colonim extremitates, qiialis inter octavie 

termiuos iinisoius qucHiammcKlo haberi jK>ssaot) reperitnr 

Compare also Prevost, in the Mem. de TAcad. de licrlin pour 1802, p. T7 
and (13. 

(***) p. 318. — Scueca, Nat. vii. 13 ; ‘*Non has tantum stelUs 

quiuque discurrere, K‘d solas observatas case : ceterum iuoiimersbilcs ferri 
per otTullmn/' 

(*^jl p. 319,— A.i I could not feel satisdcd with the explanations which 
llcyne had given {De Arcadibus luna Riiliquioribus, in Opusc. aci\d. Yol. ii. 
p. 332), of (he origin of the widely prevalent asiroiiomiail m)(h of the Fro- 
Kckncs, I was much rejoiced at receiving a new and very happy soliuion of 
the problem fiom wy ingcnioiu philological friend, rn>fessordohanncs Frana, 
Hiis solution is not connected either with the cott»ti*uclum of the calendar by 
the Arcadians^ or with their worship of the Moon, 1 tviifific to an 

extract from an inedtted and mora comprehensive discosj^iou. ** In a work 
in which I have imposed on myself the obligation of frequently c<»*i«crting 
our completer fnowledga with the knowledge of the aucicuts, and even with 
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tz|Aii&mp mm or Im prmlfuil f6i«. 

lov^ nt^i^oo loiif 0^^ mfmdm n^- 

begin triib eom leailiitg p«4««g09 (fom ibe ftAcietit% wbieb inset ot 
tbe Frooeloofit. Ste^banoii^ of Byieiitium (V. ^A^jr4r) menUoitt tbo 
gi^ of Rkeg£m» oooiitempofiiy of iMriiit end Xmm^ «e tbo first 

wbo eeDod Uio Amdnm ir^c\4mnr. Tbe SchcHftsU ed ApoUan* Ebod* iw, 
SM, tod id AiietopL Nob, 997, comm in iijriog* Uud tbo bigb eoti. 
^oily of the ArcAdieiii » mo^elee^ibownb/ Uimrbeiiig eilkd 
«tid tbrt tbef would teem to luive been tbore before ibe Mooq^ ei it ilto laid 
bj Eudoxue and Tbeodonte ; to which the bitter adde that the Moon appeared 
a abort time before the combat of Heieoiee. AriatoUe, in apeidciog of the 
olnl canoiliutioti of (he Tegeate«» lajt that the barboriaiia who pnit^iouatj 
iohabtied Arcadia irc^e dnveo out hf the later Amidkna before tins Moon 
appeared, aad were called on that aeeoooi Othera oaf that 

Endjmkm ditcovered the rerolttiious of the Moon, and that aa he waa au 
Amdian, hb couQtrjmen were called aAer him Wfwr4\m^- Lucian aiieob 
in term of censure^ aayiug (Aairoiog. 26} that the Arcidiana^ (irom want of 
undmUndixig, and from foU^, a«crted that they were a people more aacieat 
than the Moon, In S«h«>l< ad «£adtyL From^ 436, it ia remarked; 
wpacTfAe^roi' is whence also the Afcadiant are termed 

wpeo^/Aif»*ef, becoitse they have too much pride. The passages in Ovid re- 
specting the prelanar existence of the Arcadians are weii hnowo. Very 
rceenUy the idea has Oeeo propottuded that the aiR'lcftls were tbcmseircs 
jgeneraily deceived by the form wpeo#An*^oi j the weed (properly* wpo€KXi^m) 
slgniTying prehcilmic, as Arcadia was a Pelagic country 
'* If, now^ It <»« be proved,** contiouea Professor Franr, that anothor 
Qilieu mootcdM its descent with another hinvcnly Ixidy , wc may be spared the 
trouble having recourse to iliusive ctymoiogiee ; and the means of such 
pmf do actually exist in the best A»n»* Ibe learned Uhetur Menander 
(abnnt a.o, 970), says in bis writing **dc encomUs** (sect, csp.3, d* 
Heeren) as folkiwa :-^A third topic of praise Is afi^orded by Umc, as is the 
osse wHb ill ibat is most ancient as wben we ssy of a city or of a country/ 
it Wit bnili oir was leillcd before ibis ibst sUu; or Ittminary,-*^ 
co«f ai with dm itara>»r^ befm or soon after the flood: as the Athenians 
tiseii that they wm coeral with Sun, the Anwdisus that they were mom 
anekot than the Mog^, and the Dtiphiaiis that they ongiastiM 
after the flood ; for (bcie are cmm fmcii of commences 



notMi 

HlJiia lMpU, tdwM c<merti(>a witlt l}ette^ aUo otlUMlw 

tntiM >. A), U rarpatied in aittiq[tiit|' Irjr Ateidin, and Areadin bjr 

A.t2um«« ApoUoiihii Biiodius who imlt«Us« older eianoples, ipeaks ^te m 
afieordaneo herewith where he eejrs (Ir, £61) that Egjpt wae itthahited befm 
i3l other oottatriei ! when «e yet not dl the Inmiiisriee of heaven had h6g;aa 
their oosrae ; aa yet the people of Banaoa were noi| ndther Dencalioii** laoe ; 
only the Aroadhuia were in existence; of whom it ia itid that they lived 
More the feeding on acoma from the oaka of the moontains/* So 
fd»o Nonntta (xli\) aaya of the Syrian Beroe, that it was inhabited before the 
Sun. 

Such acostom of taking ffopfKxied epochs in the consirnction of the Uni* 
verse as dmmologioal eras^ belongs to a period In inodes of contemplation, in 
which all imagery is, ai yet, more vivid than at later epochs, and is nearly 
allied to genealogical local poetry. Tlttis it is even not improbable that the 
tale of the combat of the giauti in Arcadia, sung by an Arcadian poet, and to 
which ailuaton is made in the word* referred to above of the ancient Theo* 
doras (whom some regard as a Samothrackn, and whose work must have been 
a very eomprehoDtivc one), may have given occasion to the did’asion of tha 
epithet wpocrikip^ applied to the Arcadians.'^ Respecting the double ntmt of 
** Arlisdes Pdasgoi,** and the distinetion drawn between a more ancient and 
more moda-u population of Arcadia, compare the excellent work called 
rdoihmcssos/' by k^mst Curtins, lShi,‘ S. 160 and ISO. In the New CJon- 
tinent, also, as I have shown elsewhere (see my Klcine SchriRen,^^ BdL i* 
S. 115), the tdbe of the Mtiysens or Moxcas, on the high table*land of 
Bogota, boasted in its historied myths of a prosdenic antiquity. They con* 
nected the origin of the Moon with the tradition of a great inandaUon, which 
a woman who acoompanied the wonder-working personage Botschika, ocen* 
sioued by her magic arts* BoUduka drove aw ay the woman (who was called 
Htiythaca or Schia). She left the emrth and became the Moon, ** which till 
then had never given light to the Mayscas.*^ Botschika, taking pity upon man- 
kind, opened with a strong hand the deep rocky wall near Canoas, where the 
Hio do Fnnaha now predpRnles itsdf, in the cdebmtoil waterfall of the 
Tequeodama. The vaRry, which bad previously been iUled with water, was 
thus laid dry, get^ostical romance which is often repeated, as, for 
example, in UkO ebied Alpine Valliy of Cashmeer, where the powerful re* 
mover of the wateri is called Kasyapa* 

p* Karl Bonnet, Betrachiung hber die Naimr, ubentist ton 

Tltitts/* 2dodillati, 177£> S* 7> Note {the trst edition was in 1766). lathe 





OT%ini^ work of Boonot tbm ool eren m ftllu»ioQ to st^eH n Uw of 
tmism, (CTompore also Bodie» Aokit. tw Keiiniiiiiti» dt*« ge«tlrtiteo llimmdlji, 
Ut Att«. 177:^, S. 462,) 

(*®*) p, 321. — A» Titti» made the dittaoee from the Sua to Saturn, ibeu 
regarded aa the outenooat platiel, «» 100» the sevemi dt«taiice« tccordtug to 
the »o-eal!ed progression, 

4, 4 + 3. 4 C, 4 + 13, 4 + 24. 4 + 4^^, ought to be, — 

Mereary. \mm. Earth. 51er». Small FlaneU. Jupiter. 

tJtt iVb Vtftr Au /A 


whenre, taking the distance of Saturn from the Suu at lt>7 3 millions of 
Genuatt geographical mile* {7S9‘2 Eugl ), arc have the following dislDaces of 
the pUaets fnnu the Suit, estimated according t > the sn ne scale 
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1 Ihfttance* ac«>>rdffi^ to Tiitut in Geographical 

Actual Diacance* in Miles, i 

1 Gertoatt Mite*, 15 to a Decree. \ 

\ 1 

15 to a (K^grce. 

Mercury 

#i> millious. } 

8 0 irOliims. | 

Venus. 

l:i'S 

M 1 

130 ! 

Earth 

127 

■ 

^0'7 „ i 

Mar* . 

315 

* 

313 

SmnU plan els 

55 2 

i 

5r.-3 ., 

inpirer 

102 5 


1U7 5 

Saturn 

l‘J7 3 


ll'7.1 „ i 

IJrajiU* 

3htV7 


8W.7 


75o'5 

” i 

021 ’2 

<«*) p. ?.n.- 

-IVumj. in Bode’i .4*trtirn. Jahrhuph fur da* J. 1700. S. ; 

and Bode, Von 

dem mntn /wiachco Mars «nd 

Jhipikr tnitleckica arhien 

{lanptpianiHtcfi de* Socncnsyiiicin*, 

i»02. S. d 'r. 

With Witiut’s uuiiKricai 

comciion, the 8«ri€!t of dislouct# from the Sun is : 

— 


Pttita. 



Mercury 

8S7 



Venns , 

3S7 

+ 

m «> e!»o 
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m 

+ 2 K 

im « 878 

Mar* , 

m 

+ 4 at 

2»8 » iwo 

Sm»il planeti 8S7 

+ S .X 

JW8 - jJTSl 

Jnpiter . 

3S7 

+ 15 K 

2tl3 -* 5075 

Salum , 

8S7 

+ U 

m - ,»788 

Utancui . 

.............. 887 

* 6* y 

tn t 10130 

Ncpisiue, 

887 

+ IBS 

*98 • 37891 





exxi 

Id or<l«T to »Upply th« of examining the aeconicy of re«o1ts, 1 

join otw5« more the acltiaJ mean dt!»tancea of the planets aa at present reeog. 
ni&ed, and in the aame table the niimbera whieh, two ccuturic* and a half a;io, 
Kepler regarded a« the true vahiea according to Tycho Brahe'^ obaenation#, 
I take the laller froni Newloti’n |wip<*r, entitled Be Mnndt Sy^lemate (Op(i»« 
oula math., ph5h>5>. ct philoL 17H. T. ii. p. )]). 


PlaiO'ts, 

i IVuc Distunceji. 

J IkauUs of Kepler. ! 

J ........ 1 

M'rcnrv 


; f 

I 0 3S>''‘t; ; 

Venus 

! 0 72333 

i ()~t:>AW i 

Earth 

... j l OOOiHi 

; i (totKio ! 

Mar« 

.... : 

1*523*0 : 

,Tum> 

.. 1 2*6f»S70 

1 — 

Jupiter 

. . ; 5 20277 

i 5*11^050 i 

Saturn — 

.... 1 0-53SS5 

; 9-51000 1 

i TfUJUS - 

10 IH230 

i — 1 

Neptune 

.,.. ! 30 0302S 

i 

f — 1 

; 1 
? 

p. 324.— ‘The Sun, 

which Kepler, probably from enthusiasm for the 


•' divina inventa^' of hia juMly cdebratctl ronlcrnptjrary Wilham Gilbert, re- 
garded as magnetic, and whose rotation in the Ktmc din^ction as the platieU 
he maiiitiiined before the solar s|k»Is had been dtsrenered, declared by Kepler 
to be “ the drnwst of all cclc^lial bodic4i, he n?J\Taall the rtit which 

belong to hU system.” (Comment, ck motibns Stella^ Martis, cap. 23 ; and 
in Astrotiomite pars optica, cap. 5.) 

p. 324.-— Newton de Mtmdi Systcmatc. in Opuscnlis, T. ti. p. 17 : 
Corpiifft VeticHs ct Mcrcurii inajore Sobs calore magw coueocta et coagnlata 
sunt. Plnnetae nUcnorcs. dekctii rakris, carent snbi»tantii& ilii.** metidiim et 
nnneris ponderosis quibus Terra ndVrta Dein^iora rorpira qufc Soli pro- 
piora ? ea rationc «m,stabil optime poudera Piauetarom omnium esse inter 
Pi ut vires,” 

p. S2S.— MiiwBer, Astnooomie, § llKi. 

p. 320.-^l!ambohit de Distrihutione geographi<>H riautaram, p. 104 
(Anaicbten der Natnr, Bil. i. S. 131 bia 133'*. 

((*®) p. 330.^ — L*cteud(ie entiere de ectfc variation seratt dVarirun 12 
degrib, maia raetton da Sokil et dc h I/U«e Ta n^hiit ^ j>eu prt^ a troia 
dfg>«» (cent^ait^m^), lixplaee. Expo*. <1« Spt. da Monde, p. $03. 

p. 330,-1 have *he*fa flecwhere by the compariKm of tiumemna wean 
annual tempmtum,th«t in Europe, from the North Cape to BakrinOv « dif* 




iBWSite of 

itf Uii0 €^tlfnii4e Uier^ometftr that m lbfr i^M;«in df tfcm. 

pminreft on tlie AmeHeon eaasi him Boitoa to Charbfttown^ the imme dif. 
fimmce of IMitade oomsspond* to Cwitigrade Fohr.); A^ie Ccn- 
^T iil p m 

(*®) p, S$8.-— Koiiads, Bd. H. S. 402. Aam. 6 (Biif * td. p, ttvii. Note 14fi) . 
e®) p. 832* — Ii»|ilftc<^ llxp<»/4tt %*temc du Monde (5dm« 4d.) p. S03, 
845, 403, 405, and 408 ; the eimie in the Cmxtomuniit dc* tem* pour 18 U, 
p» 8S6i Biot, Tratid dtfrm. d'Astr. phjrttqoe, T. i. p, 61, T» it, p. 00— 
Mid eu— 625. 

p. 533. — (tamitfo, Comment Healer, Pertc i. lib. fi. cdp. 22—20 ; 
Preiwtt, Hi«l. of the Conquest of Pewi, Vol. i. p. 126. The 5fexi<^ts had 
•motig their twenty hierogl)*phic signs of days, one which they held in par- 
ileukr hoftottr, called Ollindottatiuh, or '* I hat of the four motions of the 
Son,** and which was prefixed to the great cycle renewed ercry ri2»»4 x \% 
years, and had reference to the Sttn*s path (exprt^ssed hicrog}yphit*al1y hy foot- 
steps), itttemeting the soUlioes and eepnootes. Tn the finely iwiintcd Artec 
tnauttsertpt. formf?Tly presenfcnl in the Mila of Cardinal Borgia at Vekiri, and 
from which I hare brntowed much Importaot infomiation, there U the ro- 
tnarkslile a-stird^^gical sign of a Cross, having written near it signs of days 
which would drslgiifttc truly the passages of the Srm through the Zenith of the 
«ty of Mexico (TenwhtitUn), the Equator, and the Solstices, if the pslnl^ 
(rotutd di^hs). appended to the signs of days oa acconrit of the 
uencs were cqrpUy complete in all the three poasagcii liptikco of. (Ilumholdt, 
Viic* de^ Corddicrcf, Ph xttvit. Xo. 8. p. 161, IHO, ai^d 237). Ke^ahualpilli, 
King of Tcic«c»j, who was pasabnatrly dcvotcfl to the observation of the stars, 
had erected a Imi tding which Torquemada somewhat boldly terms an Astro- 
nomical Obserratory* and of which the mint were still teen by Kim. (Mo- 
ttaiqnia Indiana, lib. It. cap, 64.) fn the Haectdta di Afentloia, we sec the 
rvprewmtatioQ of a priett observing the idan; at ii expressed by a doited 
line got&f from hit eye to the obserred itiw (Voc* dea CurdilUm, PI. Iviii. 
So. 8, p. 2Stl.) 

np^ 355.*^olini Hcnchd, on the nttrottomieal eattse* which may iafltt- 
geologicai phenomeua, in the Tmasnet. of the Geological «8oclety of 
X<ofi^, 2d Ser. Vot, iil F. I* pv 28S r in hU Treatise of Asirc- 

m«»y, 1555 (C^. Cyclop. Vd/xird,) f 515. * 

p. 5S6>— .\mg 0 , in the Anniiairiw pw 1554, p. 150, 

f") 5^ ^ k 
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cliftteitr eiivoj^ pa 1« SoleH la la wlme an allaat da VSqmam 

4u ^ rdqumoia d'auiomae reveaaiii de eeltti*d aa pread^r* 

jdot kmg qna le Soleil emplota dint la premier i»yet»€ataiietei&ent 
oompeued par eon ^’lo{giitmeiit aoiii pin* grand ; ei ka qaaatii^ de dtalm 
quHl eavoie a la Terre aoiit lea tn^mea pendant qn’il aa tronve daaa Ttiu on 
Pantra kemieplit^ bordal <m austral.-*-— 'PoUeon, ear la Stability du sjeteme 
pluik^taire, in the Coanaim. det terns ponr 1S30» p. 54. 

{**) P* 307."— Arago, ia the Aaauaire abore cited, p. 200—204. 
L’cseeatricitd/' says Poisson, in the Connaissance dee Teats, abore 
cited, pp. 38 and 52, "ayaat toujoars etc et devaat toujours de* 
ineum tr^ pctUe, Tinduence des vadationa s^cuUiies de k qnmntite de cha* 
kur sokire rc^ par k Terre sur k icoiperatare mojenne parait auasi dcroir 
^tre tree limits— Oa ne saurait admcttre qoe reicectrsclte de k Terre, qid 
cat actuelkmcnt eaviron ua soitaiitieme, ait jamais etc ou devienae jamais 
un quart, comma ceilc de Juson on de Paiks.** 

(^) p. 338,— Ouilinea, f 432. 
p. 340. — The same, < 548. 

p. 341. — See in Mi^dlerk Asironomie, S. 218, his attempt to deter- 
mine the diameter of Vesta (OC ? German or 264 7 Eaglish geographies} miles) 
with a magnify ing power of 1000. 

p. 3*12, — la the staiemcai formerly made, in the first volame of thk 
work (p. 88 -SO), the equatorial semi -diameter of Saturn was taken as the basis, 
p. 342. — Compare Rosmoa, Bd, iii. S. 2S), Engl ed. p, 195. 
p. 342. — In the Picture of Nature, in the first ToluniC of Cosmos, 1 
have treated in some detail of the Sun's movement of translation, S. 149-151 ; 
Eug. cd. [j. 131—135. (Compare also Voi. iii. S. 2C6, EugJ. ed. p. ISl.) 


(^") p. 343.— Kosmos, Bd. iii. S. 389 and 411, Anm. 10 and 20; Engl 
eOlil. p. 378 and 379, Notes 478 and 479, 

p. 345*^ — Compare the Observations of the Swedish inaiheuiaticiau, 
Bigerns Vasieuiut, at Gothruhnrg, dnnog the total solar eclipse of the 2d of 
1 733, and Aragok comments on them in the Auaualre du Bureau des 
Xiongiiudes pour 1346, p. 441 and 462. l)r. Gallc, who observed oa the 
28lli of July, 1S51* at J^^enbarg, saw the ** freely suspended small cloud 
coiinected by three or even more thri^a with the hooked or curv^ed gibbosity.” 
p. 34?.— Compare what m» observed on the 81 b of July, IS42, by a 
praelistfl obaerver, Oaptaia Berard, of I he IVcuch navy , at Touloti. 



CXXIV WOTS. 

n ¥it uiMi bimde rottg« trb mtue^ dcntdde irrdguli^r«m«iit.'’ (Work ftbo ?9 
dtcd, p. 416,) 

p. S46.-— During the total tolar eeltpso of the 8th of July, 1842, thi» 
cwtliae of the Moon had keen dtttiuetly perceived by four ob^rvers ; saeh a 
ctreumstanec had never been described at having iakmt place on previous 
timUar oceatiout. The poiwibiHiy of teeing the outer contour of the Moor 
i^ipeart to de{>end on the light given by the third outermoti mtiar envelope 
and the corona. La Lnne SfC projette #» sur Paimotphere du Soleil, 

Daus U portion de la lunette oh Ttmage de la Lime ee ibrme, il n'y a qne la 
Inmi^re provenaot de ratmotpbi^re terrettre. La Lune ne fotirnit riea de 
tenaible et, temblahle ^ on t^ran* die arr^te tout ce qui provieDi de pins bin 
e* ftii correspond. Ko dehofi de cette Imaicf, et pr<^‘»cmcnt k jwrtir de son 
bord» le champ est wlaird a ia fou par la lumrcre do i'atmoaphcre terrestre 
el par la istmth'e r Supposona qne cca deux lumleres 
rcunies furment un total plus fort dc ^ q«c la luini^'fc atmosph^ique ter. 
re#m% ct, dc^ ce moment, Ic bord de b lnne aera %ifibb. Ce genre dc visioa 
pent prendre le aom d« ; e'eat cn clTd |Mir unc moindr^ inttn^ 

siftJ dc la portion du champ de la limette im ciiirte ritnage de la Lunc, que 
le cou^oer de cctlc image cat aper» 7 u. Si Timage etait pJtsi que b 

re»ie du champ, la vUbn wjrait positive.” Amgo, in ifae work above cited, 
p. 3S4- (Compare abo on this subject, Kosmoa, Bd. iii. S. #0 and 114, Anm. 
l‘j ; Eagl ed. p. 53, and Note 108.) 

p. 318.— Bd. iii. S. 383—386, Log. cd. p. 272— 27'> 
p. 3 46 — I/?psiua, ChrotK^bgie der Aegypter, Th, i. S. 92—96. 
p, 346.^ — Kosmoa, Dd. iii. S. 460, Anra. 13 , Eng* «d. Note 505. 
p. 346.— Kosmo#, Bd. ii. S. 258, EngJ. cd. p. 222. 

(***) p. 347. — Lab »de, in the Alcin. de I’Acad. des Sciences pour l?66, 
p 408 . IkUisabre. ffiU. de TAstr. aucienue, T. li- p. 320. 

(^) P 347.— Koamoa, Bd. iii S, 468 ; Kugl. cd. p. evii. 

(***} p. S47. — On the occasion of the tranati of Mercury of the 4tb of May, 
IS32, 5l^kr and Wilhelm Beer (Beilrage tur phya, Keimtniai dcr Kimm- 
liachen, Karj^cr, )84L S. 145), found tbediameier of the planet 583 Geiman, 
or Engltah geographicsil milvf ; but in the edition of hie Astrocomie, 
petbliihed in ISIO, M^ler pniferrcd Ik«aer» rceolt, 

S48.— Jjipbee, Expowtion da Syat. dif Mon#^ 1824, p. 209. Thecele* 
hrated author himself cottfeased, boweveif 4llild had baaed hb determination 

of themM of Mcfettiy on the ’* hypuib&se trta pif^eatre qni anppo** 
4eit«l«i 4e Mer^re et de b Tcm rdciim^qtiet k letir qipy^nc diataafc da 



nmm^ 




StiU/SL^* S Imirt ttot ^ Hmmrf Uf Mifo« cMmt inmpoiel mataa^ 
Uau mgeft <>f 58,000 (kH higli wliidi Selur5t«r imigined loikiidf to %m 
Il«rmu 7 *t dkk, tlie ol widck mi dimdj 4atib(di by 

]C«if«r (St6ro#<iMiiin»«U, IS50, { 57) { Lemomittr*# mbdl HefttS«r’« tUie* 
dbsUittW d« TAiitioiimue «ii IShmB p. 220), «l tJid 
viffiWty of All tliDotpliere of Mofcttry domg the iroasit acms the 

Smi^i 0i«k ; or the itifipotitione of Ueme of donde {MSitng orer the plioiet, 
end trenettofy oheettmliott* of it* earfeoe. Boriag the treBCst of Mercmy 
frhkh X obeerved in Peru oa the 8th of November, 1808» I ptid greet etteii* 
tloa to the therpoecs of the outltoe of the ptaoet during the emmioii* but I 
did AOt remarir eoythiog membliog «d envelope. 

(W) p* SdS.*— The part of the orbit of Veout in which the planet may 
appear to ua the brightest, eo that it can be seen with the naked eye at noon, 
la fltnatad intemediaiely between the iuierior conjunction and the greateat 
dlgraaimit niwr to the Utbir, and nearly 40 degrees from the Sun, or from 
the place of the iaferior conjunction^ On a mean or average, Venus appears 
to m most Iwight and beanUfnl when distant 40* east or west of the Sun, 
when her apparent diameter, which at the inferior eonjonetion may incrcaie 
to W'i is only about 40'', and when the greatest breadth of the illutninated 
poftiun scarcely tnmorea 10'*. Ute nearness of the Earth then gives to the 
narrow bow a light so intense, (hat, in the absence of the Sun, it even cads 
shaduwf/' (Uttrow, Hicontche Astronomie, 1834, Th. ii. S, 68 ) Vfhdber 
Coperuiens pnslicted the necessity of a future discovery of the phases of 
Venus (as has been repeatedly stated, in Smith's Optics, Sect. 1050, and in 
several other books), has recently been shewn by Professor De Morgan's more 
exact exatnlnalion of the work lie Bevolutionibos, as it has come down to us, 
tA be extremely doubt fuL {See the letter of Adams to the Bev. H. Main, dated 
7th Sept. iS46, In Rep. of the Royal Astron. Soc. Vol. viL No. 0, p. 148. 
Compare also Kosinos, Bd, ii. 8. 368 ; Eng. cd. p. 381.) 

(^) p. 350.— -Dehimbre, Hist, de TAstr. au IS^e p. 856—858. 

Bianchtni's raauli has been defended by Hussey and Flaugergues ; Ifassen, 
whose authorfiy stands justly so high, np to 1886 alao regarded it aa ^ 
more piobabk:. 

i^) P> 350.— Arago, on the mnaiiahlc Ldienthal observation of the I8tb 
of Au^st, lyUO, in Um^nnusifc to 1818, p. 530. Ce<|aitooitoattS<ii 
la probability de VextstmieMi dP^htBiiy moaph^re <|ni enveloppe V4iiiis, e*0ai k 
rcstdtat opti^ue dbtenn paf t'mpkn d'une lunette prismatique. 
de la lumt^ta d« l*int«ukur dn eroisaaiit cet sansibtonent plnaj||||blft qua e<4Iu 
VOt, in. a 



4^1^^ ^ Ijt (An^ 

l>, $$0.r^\fiibiliii Bw ttoA Belii^ge tiiirphj^M^^ 

US. Tht «o*ca)led i«id!!t«, mtm 
M «||i«h FotiUiifty l>a (in4 Shorty thoii^i llii^ ha^ 

MOgiiiMd, l»v «rhkk «ii4 wKieh «rii to 

l^«m M«ft J«brbtteh, 177S, S. 186), ftilljr tlirabon)^ 
iBfr tm^ of Vonot, tii tlie n^l4dlft of tbe Strn^i 4t«k, bob^ to t^e 
ttdio«<Mnie»l mjrtbs of Ml ttoenVteol 
{««) p^ mwimilao. tVaoioet 17S5, Vo!, tnxvi. p* 2U. 

(*•*) lu 832.^ — liomo*, Bd, iii. S. 108 o»d 1S3, Anm. 78 ; Butgl ed. p, 84, 
rnimtm. 

(*®*) p. 888.— *viji de U jmme. Undt* ^oe wilt de V^ntjs 

eit Idsoelit. Peodaoi !t joor Ia Lotie portit hltoelie pofoequ*!^ k Idmi^rc 
d« i^tqut Itimdre se iudte It loini^it blent do eeltt p«riie de IktmoAph^re 
^ k laaiiw jtotte de k Loot tnieewc/* (Ango, in MSS. of 18^170 
Mit fefiranigdble eoloart in Ibt •ptetmm, (bote flrom blue to violet, ooite in 
order to form wbitt with their enoiplemefittiy eolocun, the Im rtfraogihk 
otEMHiy frtm red to gr«eo« (Kotmot, Bd. tti. S. S08» Anm. 18; Kogl. ed. p. 
kivil. Note 847.) 

p. 833.— Forbof on the Refrnctitm tod PoUuri«tit<m of Heet, to the 
lUiiNWttoos of the Roytl Soc, of Kdinborgb, Vi>l. xiH. 1886, p. 181. 

Wp S54.— liettrt dc Mr, Mtlloni u Mr, Arego ior U PuiiMinoe eeloH* 
Sfite de k do k in the Compte* reodoo, T. itii, 1846, p. 

S41— 441, <.\»in|Nire alfto, for the hbtorical «Utmeiiii, the JahroiibfHf ht 
dwj^jriibdiidben in Berlin/’ IWL ti. S. 878, Tt hi» ^wiyt ap. 

pe«red Wmertther femfirkid>k that, firoat (he eiHleit tinie*, when Wirmth ww 
<»3l^ determked by the kdlloKi. the Moon 6r»t give rite to the idee thut light 
iOd w«rmih m%hi be found aepended. Among the Indieiii, the Moon, re- 
gelded e* Ibe Klof of the Stem^ ie mrneawd in Sejwml the •• eold** rMkJe. 
htme) md nko the eotd*diriiiig or eold-radittlng (himAit’fu) ; while the Shu, 
iHth ik d^cUd ee hiiidi, k termed the Hmr 

(nM%hnkprii}^ The on the Moew, in which wecteni aMioof thonght 
Ihi^ ehnid m teftfmnit le the view of the In^lieae, e rochnek 

<w • hm t hence the Sniiierit ntmei ^|loe*hc»ftr'’ (inrigidhim) 

Of Hhre-lewrff^ (ce^ealdirii), ^ 

m?, 8* ** Aal the »g!d of the Svn, 

mm «B b«i^ «» 4 ^ IWde 



to iii.** (Flolardi, io Iho Coovemtioii ** 4c fcdi qaw m X«aii» cppiri^/* 

€4!^ T. IV, Oxoo, 1797* p- 79S,) Io MacroVltis (Odiote* 

$<»mphtio Sdp. i» 19, ed Lud, Jantu, 1S48, p, 10$) it it said i **tiOiMi 
4 p« 6 liU iucUr Jtomeii quo iii«i8iratur.,,«.,rurBUi omittit Uidlittik t4U»eii id obc 
quia loeia radiiu, cum ad not de origine aua^ id 
e4 dc pcrveufi, iiaturskm accum igoia da quo naactiur develiit ; euiu vcfo 
in loufe corpus ittfundittf r et iode resplendei, solam refundlt ctadtatem} non 
diorem/’ (So also Marrol), Saiumal, lib. vlL cap. 16, cd. Bip. T, ii, p, 3577.) 
<W) p. 854,— M^Ier. Astr, § 112, 

(W) p, 355 V— Sec Lambert, ‘^ sur la Luml^re eeudrde de la Lnnc,” in the 
Mem. de TAcad, dc Bedio. Arnica 1773, p. 46 : ** la Tern, vuedet plaoctes, 
poum paroit*^ d'nne lumiere verdAtre, a pen pr^ comme Mars nous partilt 
d'tioe cottlmir roagdUrc.*’ TtTe do not mran b; this to agree so far vith ibftt 
lugcuious vriirr as io surmise (hat the plaiict ^fars t$ covered with a red 
vegetati<m lUie the rose ‘Coloured hushes of the IVmgamvilliea. (Humbokit 
Ansichicn dcr Natur, Bd. ii. S. 334; Engl. ed. .Vsficets of Nature in Bif* 
ferent Lands aiid Biflereut nimates," Vol. ii, p. 279.) fn middle Europe, 
when the Moon, a shorl time h^or^ new m'^on, stands in the morning fumra 
in the eastern skjr, it receives the &urth*1ight principally from the great 
plateaus and plains of Asia and Afrif^ : but when, aftit the time new 
moon» it stands in the evening in the western sky, it can only reemve the 
fatnUr reflection coming from the narrovrer American conUoeoi,aiid princip^y 
from the wide expanse of ocean/’ (Wilhelm Beer und Midler, dtar Mond 
nach seinen kosiniscben Vcrhaltnissen, | 106, S. 152.) 

(®^) p, 355. — Sdanee dc rAcadeinic dec Sdencea le 5 aodt 18S8 x 
'‘Mr. Arago siguale la comparaiaon de rintensite iummeitie de It poftion 
do It Lone que lea rayons solaires dchnrent dlrectement, avec eelle ide It 
partic du mdme tstre qwi re^it seukment fes rayons nSflechis par it Terre. 
Ii croit iTapret lea experiences qi/il a dgh tcnti^ a cei dgtnL qt^on poum, 
tvM des tn^rumens parfcctionnes, ssirir dans It fwiniAre reiwWp lea differ*' 
cno^ , de racial plus ou moins nuageux de ratmoaphdre de noire globe. U 
i/eat done pas impcMblc, tnalgn^ tout ee qu’tto pareil n^ultat exdteralt de 
sorpriae an premt^ coup d’oclt, qu*tiu jottr les rndteorologiMes aiiknt pnber 
daus raspect de It Lune dcs notions prdoieum sur ViM moym de diaphtmld 
M I’atfooapytre dwiyjkt hemisph^m qui fuccesaivemcmt etKS- 

courrnt i {mpioduclton de 

M P* 355.— Venturi, Easai sur lea Oitvrtget de Leonard de ^neS| ITV^ 

> IL-' ■' 



^) j>. $$6,--‘* 0n qw III vivaftUi^ 4^ k 

phi anlqii«mf»»t dt lebt latHKiApli^re, qai reflTi^/plut mi moii^i 

myotia aokijre*, mi ka irtJk^ijisfaaat d^m le c^e 4*0mlii«, umU qifdk mt 
iiiQ4iiU$e itiriont por h tnvcaporefiM v«mbk de la partia ratmornb^ li 
imv«rs laqiieile nom nprrervoas la Xiine Soot lea 

i4r^it4 fitt mt ^Mmitiaiioti iiaiforme dca rtpeura, 4itnlbnoui 
iVviitic^u «}e U Itmiiere qai? le 4iaqne luaaire doiis renvoie/* 

Voyage mi Rejriona ^aiuoitaks, V. iii. p. 544 1 and Kecisetl d’Ofeterv. attiv.^ 
nemiqnet/ Vi>l ii. p, 145,) Afn|it> remark# : “ Ij<si raji'mtf teiairc^ arrlrcut 
k noire satellite par IWet d^me refraction (i I la suite d*UAe absorption dans 
lee eoncbea lc» plus ba»#e* de ratmtwpbi^re temafre ; ponrrOlent^ili aeoir one 
autre teinte qtie le f Vnn«a»Ve pour 1542, p. 52S.) 

p, 555, — Ikbioci cxpi-tin# the rt dtiess a# a consequence of dilfmclion, 
in a notice on the di^erent p<rfinn* of white, blue, and red IiVht, protlace^l 
wbro there is iodetion. Sec Babinev'a foosidmtious on the total eclipse of 
the Moon oa the 19th of 5f^ifeh, 1548, ia 5foi$fno*« Ui^pertoira d'Optiqac 
modeme, 1850, T, iv. p. 1555. Ia lumi^re difrairt^ qni fiCni^tr^ dau« 
I'omhie it la lerre, pr^domine iotgotura «t m4me a scale sensible. Kile 
«4 d*aubf^t plus rmign ou orangi^e qa’elle se tmtive plat prJh^ da centre d# 
Tombre f^m^trfque ; car ee aont !ai rayons let mol ns r^fmttgihle# qui 
propagmt le plus aboodamment par diffmctioii, k meanre qu*uu t'rloignc de 
k pfO|iigalton en ligne drotte.*’ The phamomena of dtffradion tike place ia 
taesio Uo, accordiog to the iiigeoiaus intcftigaHons of hfagnoft, ba the occa> 
•ibn ol a disemaion between Airy and IVaday. On expUuationa by liiflmc- 
ii<m, see, {^timny, Arago in the Antifisam poor 18*15, p. 4$2--455. 

p, $57 *-*Tlutart:li (d« facie in orbe Lunsp), Aforal cd Wj^tenh. T. fr. 
p^ ?S(b-««78$ j •* The ft «7 coal-glowing (A>^/Muc«#i$itr} colour of the darkcived 
Mmm (about the hour of mynighi) U, as irwiKentalicians maiutalo, by no 
tneiiii to be regard, that (he chaofo is from black to red and blaei&b, 
«i b^ongiog lothe earthy aiirfaee that body/* Vkm Casaltt^ alw (k 25 ; 
od ikdi, T. ili p. 779),*^ho hal biaildlea owpled hlmsetfin mitcli detail wiiH 
ib« and with the df the Kmpcfbt 

Cii^jhi% lna^ of the dmfeiied 

bchWdttee^**- to the ©doer of the 

ISoOt i^ai^ Iii- a^nttdW. H# TTlr. !»». St«r*l ; 

** .Ontt ww the inraitHi In’' ilii'Sn##; Vlti9{^ Irf the'^p* * 



thU «^ij[)e«r ommoo^ cif mUfartuntt'-^a* ii im 

tbe eit««nu^t<(^ of <lte Mo<m^i vir)‘ifi{^ i^oloitra-^-blcKKl^red;, bbick^ mid o^ier 
iiioiurliftil i}tt%*-^wkbb mied their aoidi with uneiuy appreheosioiu^** 

Cf*} P* 8S7.*-^chr(>ter* Selenoiopugraphiidif Fragmeute^ Th. L 1191, S. 

p, ** ilber etne aitfenommentc Atmospbilre dea Monde***- 

in Sehomiicher'a Aatron. Nachr* No« 283, 8. 416 — 420. Compare alao 
Beer und Madkr, *^der Moud/’ i 63 and 107* S. 133 aad 153; aa well a* 
An^, in the Annuiktre for 1846, p* 846 — 353. The argameot taken from 
the greater or le»a diatiuetoeaa with which tlie smaller features of the Moon's 
tarfioeeiia he recognised, so often adduced in proof of the reality of a Innar 
atmosphere^ and of ** pasatug lunar mists to the railejrs of the Moon,*’ is the 
most untenable of all, seeing the changes routinualiy taking place ia the 
upper finda of our own atmosphere. Considerations respecting the shape of 
nuc of the Moon's horns in the solar eclipse of the 5th of September, IT^ 
ifid Wliliam lio'sciiel to form even at tlmt time a decided opimon a^tzmsi the 
hypothesis of a lunar atmosphere. (Thil. Trans. Vol. Ixixir. p. 167.) 

P' 35$.— “MihUer, in Schumacher a Jahrhuch fur 1640, S. 168. 

(*^) p. 35$.^ — Sir dohn Hersehel (OnUints, p. 247) calls atfeution to the 
unmersLon of double ^rs, which, from the great proximity of ilie indiirU 
duals of whkh they consist, canuol be sc|Mirated by the tekscope. 

p. 358. — Piatean, ^^ sur I'lrrsdiation,'^ in the Mem. de I'Acad. royiJe 
d«a Sciences et Belies- Letlres de Unaelles, T. xi. p. 142 ; aud Erg^ungs* 
baud (supplcmenUiry volume) xu PoggcadorlTs Anuako, 1642* S. 7^^ — 128, 
123— 232, and 405— 4^13, '‘llhc ph%*iK>menon of irradiation is probably 
caused by the synmltts produced by light extcudrng itself on the relina a Utlb 
beyond the outline of the image.” 

p. 356.— -Aniga, in the Comptes reodus, T. viii. 1639, p. 718 *nd 
883. ” ILi^ phenocn^nes d'irradution sigualds par Mr. Plalcsu sont n^^ardea 
par Mr. An^o oomme Ins effeli dcs abormiions de rermigibU^te ci de 
ricitd de r<mi, combines avee rit«distinc:i 08 de la cimoo, i^msi^nence des cir- 
constnocci dans lcsi|iiidle« lea ohscrriitLurs so soot idac^ lies mesnrci 
exactci |Mrkes sitr d^ dia^ues noirs n foud blaitc et do* dk^jiics blancs « Inml 
t^okj qm ^ient pb^ IMI rahia du Ltaembourg, sinbka a i'Observatmrs; 
nW pas ind^nd IfM 

C*!) p* 852 Wjaettb,T. v,p. #60—769. The shadow 
of Mount Atboi, a# Iw bnen lomarkcd by the hnvdkr, Pierre Ikkn 
(Obswvitioiia do $iugid^^ Aa e tie. 1884 hvro i. 
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H) t# Hie Wttktn %ttit of e eow oe ilie of tJbe 

I w I uf M>^nao i» Ute kkm^ ef liemooi. 

(^) |k. eviieoee tin eiHbilitjp of Uioie foiur Q^mM^ ^ S> 

m, t 4uid ia Btor and Mi41or*t *« 4er Moo4/‘ li H leami^ 
aemMory to leU m4er» Uiat oil tiiat loloUai to tbo iopogmiilijr of the 
Moott*« loHbee it ttkm ftom ibo •toeltei work of Ihcte m> two fj:ito4t» of 
QOO of wiioia> Mrtllidm Bcor* we kave to UnMmi tke too eertj lota Tkt 
«to4jr of iuAtr topogrtf^iy will be lasilitatdi bjr Uie iite of tbe fine aep \n t 
•Ia^ tbeei (** tebejniebttblttf''), publi^od b; Midlrr in 1$$7, ibite yetrt 
iUxtr Ibe pubUcelioii of tbe ki^ map of tbe Mooo cotiMatiog of lour tbeeU 
p, not, de facie u orbe Lam. p. 726— 7!i0* WyUeiUi. Tbe 

pasaage it at tlie tame time wot witboot tolerei^ for emeiit gec^ph / 1 tec 
Homboliil, Eiamen critique de lllttl. de U CMbgr« T. a p. 145. Ectpeotiog 
olber opioioat of tbe ascienta tee Anaxagoras and Democritui^ in Plot de 
phw Pb0ot. it. 25, Ptrmentdei. in Stob. p. 419. 45S» 616 and 663» ed. 
Ifemti; Sdmetikr, Eelogw pb^rtieie. Vol. t. 46^^446. (Aeeordiag to a 
eery remarkable |Nm 4 ;e of PlaUrob, la tbe life of Hieiae, eap. 42. Aetta* 
gom ktmielC wbo termed 'Ube nuMatattuma Muou aaotber Earth.*' miult a 
drawing of tbe Moon** diak ; eomptfe abo Origeaea. Fbiloaopbaiaeaa. cap, 6, 
<d, Mdilm. 1661, p. 14.) I wae oaee verp rnueb aatoofebed to bear a aetp 
accooipliibed Perstfea, Itpabaa, wbo bad cartamilp oeTerread a Greek book, 
to whom 1 was abewieg ta POrta Ibeapota on tbe Mooit*« fec« through a laige 
ttfeocope. propoaad tbe aa»e bjpoUmm of rafteetiou a. tbit of Agv^oar, 
lefemd to ia the tnt. aa preraleat ia bia own coitatrp. ** It k ooxaHvcf 
Ibal we tee to tbe Mooo/* eaid the Pmiaa. **Uiat ia tbr map of otur Eutb/' 
CbHi of lb* feteHoettCm la PtQtafeb% Coafertaliaa on tbt biooa would aot 
bare eapreaatd bimelf otberwiaa. Homaa fatii^ ta tbe Mooa, If we eoald 
iawf^ MMdi to «lt^ la tbe abieiiee of atf and water, would aee tbe rotaiisp 
Satib wiMi her apida taapeaded tibeoue of oar ** llapp6Hnoadeft»*" or ** M«|m 
of Ibe World/* agalwt a akp abaod blaeb ia tbe dq 3 r»llaia,oeeepptfig aapm 
femieea timei iaiger tbaa tbat wbkb tbe tbtl aami eoteni to oar c)«a« ouA 
timfu la tbe fame plaea; Tbe itmip of geofn^p woalib bowwtrer, bo aonta- 
wbal impaled bp our anaoiqdim wHb it* eewlliiaod farialbma femming tad 
emtfmbitg tbe oatBaUi of tbe eoathiwaia. Com^^iMte Mddler^i As!r, 6. 169 ; 
and 9Sr ddka ffetadbel** Outllaea. | 464. 
p. and M«dfer.1L 296. 

O p. HhA. tinm, & S7& 

fi) p. Aetf. Bs ItB. 



ji; iii^ ilM Muonlifi^io oi^i^ 

^ ^'ietil kiiowie4^ the kiglieti <m tlie euHiM ^ tlie ««rtl^^ 

1^; tcbordhig he Wiegh** i^iit meeett^ Qt ^if^ Eeglbh 

high 0^16Geriiite )^^ 4*64 Buglish g«ogr. miW) ; while 

tlie hanimlt amaog ihe teoer loouatetiie ie» te Ma4l)i»^: 

inr exMCitf The dieiiiiier of tta 

Heoii b4h4,»ii4 iiitt elilie^&^ 17iSG«rmeii geogm^hicei miiee, wfkeueo 
the ritiee of the lUgheit eemmiU to the dnu^ ere in the otee of the 
Mooft eod io tiud; of the Berth 

(eO) p, 904.*^’*»See fear the tie etevelicMift whieh exceed 3000 toteeis Eetfr 
uod Midler, a 09, 135, m, 34i, 3S0, end 3Sl. 

(**) p. 80a*^Ilol)erl Hooke, Micrographies 1607, Oh»r lx. p. 343-^ 34^ 
ieem to meto here heee the offiocie of eome motiooe wiihia the body of 
the Moon, eiMlogOiie to oar eerUH|tiekeii, hf the emptioo of whidi, et it h«» 
thfowis up e t^m or ridge roood eboat, higher thee the eiahieot maUfoa of 
the 3fooa, eo bee it kft « hole or deprcesioa in the middle, proportiooebly 
loweti*" Hooke eoye of hie cxperimcAie with ** boyliog eleheeter/’ that, 
**prefieiitlf ceeeing to hoyl, the trhdie enHaoe will eppeer all over eov»ed 
with kmeU jdU, exedly ehxpcMi like these of the Mooa.««*The eevthy pert of 
the Mm hot hew oiidie^ or heaved up hy emptione of vapoon^ eiid 
thrown hito the eeiiie kind of figared hoiea ex the powder of ek h eat cr . It i# 
ik 4 improheble, ftUo^ that there mey ho genenUd, withiii the body of the 
Moon, ^vwn eoish kind of inW&mei dree and heate ax may prodoee eihatotiom>** 
(«•) p. 3e6s**-ikOKOOi> Bd. ii . a SOS, Aam. 43 , Eng. «d. p. la#. Nott 
p. 366.-^Beer and M&dlor, $. 136, Pudeay hex a dkmoter of 
06 EiigIttK goo^phiea! mdee, and Alphooio aod Uipparehox 76 xwdi Mlea 
(^) p. 367.^Afwaehid aiid Heitale^ exoeptiuYiir thefinthaaaoidc^ 
at the and the toeoad a blend erm. These geologiadly Import 

laid poinb dceem with mw peebet inttnuttenia, 

(8<dir6fef, Tb ii, ub. 44 aod 6S. hg, 63.) Of 

kva^rtanii fbriftiiig JMeamiilitloiia m low deprmiocia, nolhiag haa yet been 
observed, llm ioya wh^ la three diniotioiia from Arixtoik aie 

rhabx ol htllai^^^ 

^ ji* Midbr, S. 151 1 Arago. io the Atmoaife for ISid, 

p, 536. (Cotopare abolttmiixiri Kaol* Sehnilea dcr phyxtudiefi Qf^^phiiti 
1830, S, Beeent fom emtdtd aod fuU mauoauoa hm$ giroa 

rewou to belkwe thM the aluaidboi on the MmTeear*^^ 

bee (the appmaiww of im:w oantnd tooiMihd^ 



SbfiKwi M W 

Um )h»U «oic»iii« 

$«e Sciii^r, SsH^toloj^c^. 1^^^ 

S» Tlie wkt& mm Iht iou4l«iA obj«eU wImmm 

W 1^ lk» pnBteiil itiUft 

0l«^»t, te Oil# to wych it i* dti^Beolt to gttr# « geatiral unmiar. Wo llji<t in 
JiNr^ iUitoioo'^ mounl of / 4r4 ItoiMiV mogniiiiieot xetiecton that in tt m 
#tl#iil of 80 lo 00 T«r4» out 8# leeoginMd with gi#«A olwirncii* hfidkr 
itehoii# ih«t» in hk ohMmtknio^ tIuiOowi of 8 ««!Coa4» wer# still 
«ihkh« «#4#r oerUiii sapposiUons respociing the siituilioa of the mcmottiii 
tod height the Soil, wonld oormpood to ftu elefttm of 100 Ftceeh 
(12$ Bogliaih) feet ; hot he notices at the aama time that the shadow most 
hav# a eoavenkai breadth in order to he appmrtabK ^ #veo vittUe. The 
dhalow of the Great Fjfrmmsd of Cheops wcudd, aieeordiug to the known 
dlmtastcma of that iiioaiiaient« he aearoel/ one^ninth of a secotid in breadth, 
eftn at ita widest port* and w^tild therelbre rrinain invisible (Midler, in 
Schumacher's Jahrboeh for 1 8 « i, S. 281). Arago reminds bis leaders^ that; 
with a magni^tng power of 6CK>0 (which, besides, could not ba implied to 
the Moon with a propottioiiaJljr siteccssfbl reanli), the mountaiiis of the 
Moon would appear of the sise of M<mt BUae seen with the nalud epe fhun 
the take of Geneva. ^ 

1 p. S67* — The are not nunietotts; ths^ are at moat 100 or 120 

mikalong ; sometimes forked (Gaisendi), rarely resemtdiug vema (Trtes** 
naetker), always ihining; donot run across the inoucitains *, ate pcNmitar to the 
iattsr districts^ do not become dther bcaader or narmwer, and Mve iio^ 
asaihed ahottt Ihdr iker and Mldier, S. 131, 225, and 240. 

P« S03.**-See my dmcdptioa e^ Life of ditlMk in 

dbutlhrimevalFor^ in theAusichieu dcr Katnr (3te Auig.), Bd/KS. S$4; 
4i|>ceta of Nature in Dtiereni lands and 0t#ereni Climatei, Volv i p. 270* 
X^dice's spci^tioiia (I mn unwiiling to i^ly to ilueni a dilimat term) 
tiai^ jnwuii^ Im attpfwam pcri^^ moemtlght ndghih^ 

aunred (imposition du li^sthme da Moadib 1^24, 
l^ iieoyidK nn m paiitsahav 
fMipcw^ ** <^^esapaHiifmi4ei eagim inak^"' said lAphs»ir oniitaagin^ 
ftmialnnon dans ce 

ia#« Id point to 10^ senit pntnpie 



^ wie i U 

^tjjifm fkt^ de donn^ t'tk hm H 

i j>«rtli^ et |>r(i]^lofiiidk!tt i teats distiiki^ M 

eilm - sent eesie eii ei^p^tton m solefl^ tM ditrit 

de U torre f en dnti esttes 

tmsioSM i*iiii i i^outre snr rhorisoiis et oomme k ' eette pittance la lane iii’e&t 
|i;pial deti{>s^ a* tumlto aoirdt remplacd eeUe 4d soleti*** 

fiodir in op^wtlen to tWa— " que *i la luxie avail occup4 k rongiiie 
la ^oeilitm peii><^tf4re ^e tHUtistre aoUmr dcla 3Ucamgu4f c/^este lvd aest$ne» 
elle ft'auraii pa >*x malnlenir qtie peodaiit ua tema tm court/* 

(^) pv 85S.--O0 the trtaasportiwg power of Tides, see Sir Ifearjr De ^ 
Eed^e, Oeele^^ 

(•®*) p, SOS.*— ^Arago, Sar la question de mofir. si la Itmeetme sarnotre 
almosph^ie one infllafaiee apprdctaldv.*' in llic Annuairc pour ISSS, p, 157— 
206. The prinopal authorities are: — SchHblcr (Untersueh, uher EinOiiae 
des Motkdes aaf die VerSudefangen in nn«?rct Atinosphare, lSt50, S, 20) ; 
Flaugcrjws (lirettty years* ohsewat tons »t Visit rs) ; Bibl. ouiver*ellt% S^rienm 
et Alta, T. il. ISSOi p. 265— f8S ; and in Kastr.cr*8 Archiv t die ge». Xa- 
tarleiire» Bd. am 1S29. S. S2 — 50 ; and Ki5etdobr» in Pogpt. Aon. dcr PhYtik 
Bd. «iv. 1685, S. 141—160, and 809-320. Sir John Hemh<1 considm 
it very prohable that a very high temperalurf; (^nuch above the Wliug poinlit 
of water) prevails on the surface of the M'ion, which U cx posed for 14 dayW 
together to ih« ouiatemipted end unmitigated luduence of the Sun. llie 
Moon must hence, when in opposiiion, or a few davfi afterwards, he in tome 
smaO di^ywe a source of heat to the Ikrth ; this heat, pfocfediog from a body 
mucdi bebw Uia (emperaittiw of Iguiiloo, etunot, howmr, reach the surface 
of the Earth itadf^ but is absorbed in the npper strata of our stmosphciv; 
where it ehangea vtsthle dood into transparent vapour. The phac^omenou of 
the rapAd dtsptrdoft of doods by the full Moon, when the doudy canopy is 
not too dimse, ts regarded by Sir lohn Herschd a» a ** meteorologleaV 
wi^ ^ adds) ** is ft»rth«r coedfined by Humboldt** own expmeacc, and 
by the tery gtuerai j^ief of Spaaiah maririm in the American tropical setju*^ 
See )iiq>orl o^i)^ Medley of the Hriviah Assodatlon for the Advahm^ 

ment of Sdtn^ 1646, Notkoa, p. 5 ^ and Ontlmes of Agronomy, p. 261. 

p. 869»’*— Becar mtd Mhdisr, lla:trige tur phys- Kenntoissdes Sounen*^ 
systemi, 1641^1 $.11$, aua BcohadBonivn txn» 1S80 ued IB82; M5dlf#J 
AdcoiKmife^ 164% & 206. The lbt^ and ctmtiderabi*, e<»i>tdlde^ o^^ 

fomid Iqf (iH houi^ ^41 mlutitel), was tli« 



24 ii«ittiMi»^ ^ mimi^ 4(l^ «B<Km(f««^ to 

rfilAtimi of m ifKit ^ Mi^ (IMiiimbNi^ 
tfUil* ^ T. H. pi 6M), ftpptmri tolitivo b^ iti«4« io^ 

aii*l^ l6T0r^ ibo ir^fwo Imtm (IC^ 

Stdi«imio>"Wittl^»b. 14S6, 4 S). 1 liti^ 8^^ 

FratiObeat 4e Cotll^ne*. AtMocmtef of 1^ CoUffio i» tlie 

^iseormn i>f Uio fx>iatioo of Moi^ Olid 

p. 3d9.---I»apl««, IBstpoji, dtt Sfti. i!a l^fonde, p* 86, Schrdtfir^ wy 
iaiperfod m««Mirfrm«fit« of tbo diaindm of the j^aiiei f ave the eliiptkily of 
Maraaaoulf^, 

(•*) fk STO»^Becr oad Midkr, Beltt*oge, 5. 111. 

(**) p. 876.-*^Sk Joha HaricM, OoUiiiis, I 410^ 

(*») p. 370 — B«er ottd M»ai«r, S. 117—128. 

(**) p. 870v-Mlikr, to Schttmoeher^t Aalr. Norhf. No. 168. 

p. 37L— Ko«tto*. Bd. iit, S. 427-429} Eu^fl, «d. p. 804— 804. 
Coii»|)«Fe a!aO| for whiit bat beeo taitl la tbe protcttt rolome rtipoetiog the 
tbroootoff ibc diororenct of tbe uiiaU plaiieU, S. 486 and 460 % ed. 
p. 803 aod 88S riMpectifig the proportioii of ^Ir to ibatof 

meteoric atteroldi or fteroUtei^ S. 488; Bogl. dl. p. 803 ;^od reapeetfog 
Kepler'a ix>t3iedttie of the exiitef^ ptaoet in the greal ptaAdary gep 
beCweea Mart aiwl Japiter (a copjeetiire wbicb yet erat by no Oieimf the 
oecatbn of tbe dticorary of the Oral ^loorertd of thi toudl pkoetii^ Cem), 
S. 460— 44i» mri Anm. 81 -88. S. 4SS ; Kitgt. ed. p. 8 17 --888, bod Notet 
•88«^826, p. atbr.— exa. the bitter ceotait^ wbkh bat iHJeoetpreiw^ 
b%bfy eeieritttd pldloeopber,— ** beoiitte it « ^i»e might fiii^ 

icifoiro riauiV dCaeovery for five moiilbi, hot (bd ad knoiir it, be de»M 
•0 mmk the probabQitj^ bot ralber m pfewet 

aiiimded feetweeo Man a»d Ut me bitt 

Ifigrf, io bit ma^iiatto le Otbitif l^oeUmm, wrillea lol ibe spring and 
iifliii^ of 1801. diacasaoea the ideii of the aiidPeiiia 
ibO ^<it| Ai»d 

^88; St^^.) f 1 Ti ' . . v (dOm|il« Kd 
Aem^ 81 ; EogL ed. p. dfr. Nde 818 ) «ay»> k^deiilei ilf«^^^p^ 

., Ha id;;^ 

^oadiim 


^mm 1^ m be broMUi^ pt i\m 
bj ib wtriti^ fo^ the «||tilioe(ii 

oC Mm He joyeatbit# ouijr ooeo^ eed then ta a vecj baefimte iiiaaaer^ 
aeUtf sjf«t«ai wbah m far mau4itr^ and betiraea irludi 
ba~iaitmi^ ba«# iiai bm ^0}i«aer 4es Spapm^ 

^ foaem»sjtder §bUidHiU,uad twh^ 

IheUe aaek aichil eataeckt bat'* (lammuial Xjuit^ Sanaiatlicbe Werke, Tb. vi. 
1889* S. 87, 110, aod m), 

p, 37^* — HaspectiMg the iadtumoe of impcav^d nor loaps on the db- 
cof^ of the • mil l plaseti^ see Kastaea, Bd, iii* S. 158 aad 155 ^ ed^ 
!>. 98 aad 99, 

(®*) p. 379*-^D'Armt ubar dae System dor kUdueu Fkactea xvrbdteii 
Hm imd JapiUit(D*AmatiHk the System of tha SmiU Fkaels bttw««u 
Mars aad Jyptter), 1851, S. 8. 

(^'*} p. 348 , — KoiiiMNt, Bd. iii, S. 4:38 aud 455^ ed. p. 305-^05, 
ami 333—384. 

p* 374 .— Bei^atnui Ablhorp Goald (tMiir at Caiubna^, l^lmsachoattip, 
U»^X UaicfattclittGigea uber die ge^^easeitige Lage der Ikhuea avrischati 
Mara uiid dapit4Br (lasest^galiaiu mpecUug the Fasilions^ relalhe to each 
ofkatt of iha Orbits betweta Man aad Jupiter), 1848, S. 9—13. 

(•*0 p. 374 ,— D’Amst, a«rk above died, S. 30. 

(*^ p. 374 .— 2ach* Moaati. Corresp. IkL vL S. 88. 
p. 378.— (saus% m the same, Bd. xmvL S. 399, 
p. 376.— Mr. Daiud Kiskwood (oC tbeFotlsville Academy) has thought 
B poitibk to tt&deitiakc the bypotboiical leooaatrttcUua of the original shatteiod 
pbmet firom the sonivtiig fnsgmeiita, alter the mauucr followed iu it^d to 
the mudm of eitincl immaU. He asaigna to the planet a dimeter larger 
Uuuk Mara (mm than lOSO Gnrnaos 4330 Bngiiah, gcograplucal miles), aod 
a lotalkm ihaa that of any other planet, making the of iu day 
87i hotuM (Bep. of the BriUsh Aasoe. 1850, p. »xv.} 

p. S74,r^Beer uad Midkr, BcUj%e sur idiya. Kenutmss dcr hiiuud. 
Kdiper^ 3» 104'-^106. Obkr ami more tmeertaui xAmvfamm of liusiey 
laipkoe (Syit, du Monde, p. 865) 8mk ikeomicaily, wiih 
bere^^ ^ thaainli, between ^ and 

376b--Nfiiioit*a immortal work, Fhiloaopitia NatoraiU PriacifKA 
was pitbUihed ia May 1687, and the Memoirs of the Faria 
4nadmiiyt eoaiwmtig the notice <4^ of the eiiiptkity 





Q^flljr iliire 

kmm^, j^ikdatttm^^ «i|«diiiie&U at Ci^oa Von|niife^ 

la miiM Hvt hm ialtoaed llbe iligm 

al^iW, liy Mm cam^poiMto bf lattir ^bieh wia tbeii mrM da trUh 
aa Uu* aol^e^^ aa4 fust mil^ 

km^Mtisit of Bia2iar*a jpae^alom ob«mtti<Hit» wm Koioioi^ Bd; I. SI 420; 
Amn. 99; EagL ad p. ijii. Note 129; and Bd id S, 520^ Aam. 2: £ogd 
•d Note §42, 

p. 37§**-Aif3r, ia Uw Mem, of ilie Royal Atirtm. Society, VoL it* 
p. T i Vol. X. p. 43. 

p- 377.--^tiil ia Ibe year 1824. (Lapkee« Eipot. 'dit Sytl. du 
Moiide^ p. 207)* 

F* 877- — IMamlwre* Hi«t. de FAatr. mo<len 2 e» T, il p. 781* 

p* 67S*---‘‘ Oft tai^^ eiiate ao-deiiiu et aft.deaaonA de r^ttaleer 
dc iftipiter dm baadea moiaa brilUftle* i|tte la auHace gen^rale, Bi ou les 
rtamtue if ee tme luftetie, ellai pamimetti moifti distioctea 4 mmre ^uVilea 
adloigftfiit da ci^otre^ ei Iii4tte ellea devienaeftt tout*4*rAU mviailibs pr^ dea 
bordi de la pixoHt. Toutea cet app^mioea a>t|diqi»eoi cit admetUiit 
i Valence d'uae atmoaplilae de aani^ea ioierrompue tot eattroot de r^qaa* 
pxt fttte ft>ae diaphtae^ prodoitc pi»at4tre par Its tents alls^. L'atmo. 
sphere dt rcdctbisaaiii p?us dt litmiore i|tit h corps aoiide de ilftpitar, 

k% partita ce corps Tan verra h trovers la xonc d^liaoe, auroot molai 
d^eittt <|tie k rcstc, et foriaefoftt It* baades obsourca, A mciure ^u'oft 
»'db;d(|ocra d^i oixftlfe» k rayon visuel de robsenratenr tmversera des dpaissenrs 
de j^iis en plu« graadcs de k sone dtapliatiCi eo sorte «|n*4 la lutiii^ rifiAihk 
par k cor|H» foliik do k pknele s'lyotttera b iiimt^ce r^ecbit par eette 
Kooe ^ Lea bamiet setotit par eette miaou moim obaenres tta 

a'^Miofgnaftt do centre. Lodn ant bordi m^mea b kmi^ remote par 
b dans b pins grimde ^paisaeor pourm biro dkpiim!^ h dffdreste 

d'i^Urftsii^i: ^ni ett^enUelm ^jiantit^ de loffii^re rtd^bk par b pbftbte 
et par ratinospbiefe de nin^Ee»» on c«ii$er» akra d'apeMrmr lea bmdea qui 
n'eiisbftt verift de ceik di^ On cdiama dana ka^ 
tagft0 ^tirf^ne d^aaudefpoe o« ae ttotim pdb d*ftftft kr6t de 

elk parsit noiri ^ turns 4 mmtt ^nkii a^ea dloigne# ka eottcbea d'«t* 

cft |lfii ipebiMi «i 

btfuxiikw La diilkfiMM de 

dc coftibiitke atee mr, ii I'on i*ea dlo$^ d’tme 

dMam coftv Aii^^ IHacomrm im Aabonomyr 



■ -iltwsfc 

M. U. S. M 509» 4A ; 1^1^ di; 

wid oii^^ V 

jp, Ml*----Xl» ««rlicft carefUt obfcmtionf of WiUmm Hei^el/ lii 
1 ^ 4 17^% g»v« for tlio rotation of Saium 10 hom, 16 imnoi»^ 44 Meoiidi. 
U Am b«e^ <ji«i!ooeott$ly tbat^ forty ye«rt before WiMlkm lltffselie!^ tbe 

gi^t ^bjloaopKer K«itt> ijii h\% iiigetiiott» Atigemmoe Maturgeidiichie dM 
Himmels, inferred truly the time of rotation of Saturn from tbeoreticnl con* 
flderoiioua* lAe number wbicA ho nasigned was C hours, 23 minutes^ 53 
scctmcis. lie called his determination the mathcmaltcal computaiton of an 
ujdtuowu movetnimt of a heaveniy body, whieb is perhaps the only pFedirtlon 
of its kind tn natural scienoe, and must await iU conhnnatloo from future 
observatloos/* The hoped*for ooufirmation did not arrive j on the eontrary, 
obsmation has ahewtt that the aniielpation was in error 4 hours, or three- 
dfUts of its amount. In tlte tauie work he says of Saturn's Hnir, that of the 
aceumulaitd particles of wiucti it cansisis, those of the interior matpn per- 
form their course in 10 ho^jra, mad those of the exterior margin in 15 hours, 
'rhe hrsi of these two numbers, appiied to Ibe ring, is the only one which is» 
aocidenUlly, near to the observed time of rotation of the planet. Compare 
Kant, Samtnllkht Werke, Th. vi, 1S39, S. 135 and 140. 

(*^’) p. 3bl.---'l.apiace {E*{K)i. d« Syst. do Monde, p. 43) estimates the 
compression at the |mles at The singular sa[k}>o«ed deviation of Satom 
from a spheroidal llgure, in confonaity with which William Htrschd^ by a 
scries of elaborate obstryations, made, moreover, with very didereot telescope^ 
found the mnjor ask of the planet, not in the equator itself, bat in a diameter 
crossing the equatorial diameter at an angle of about 45' , has not been con- 
firmed by Ifosid, but, ou the contrary, w'^as believed by him to hay e been 
erroneous. 

p. 3S2,^Anigo, Aunuftirt pi»m* p. 555. 

(^) p. 3h2.— This dilfcr^-’oes of the intensity of light of the inner and the 
ouier ring was already noticed by Pominiquo Cassini <Alcm de i'Academk 
dcs Scienoev, Aiin^e 1715, p. 13). 

p. EbS.^Kosmos, Bd, ii. K 359; llnjjl. td. p ThejsitA- 

Acvifimy of the discov^e^^^^ or rsther of the complete espkn^ioa of all the 
{diflmoitiaua prcscnidl by baturn apd his ring, was not made uuUlfour yws 
later, in 1059, in 

p, 3?4.— ^ueh mountain-like incqualilks havnj recenUy been noifowl by 





vltb ft niec^ fii«i^ of 

|i^ i«y4 v 

p. Uftftltftj^V Kldft« B f Sir S»100 ^ 

Si«ttf«ft ift SehMitt. Mr. Ndebri^ 

^ fk SS^k^-^Wft mdi in ike AMb Bmdttftrtiai pro !»« 

ftftftiliM^^^ idueaomiiomitt pco* 

potbo mL corptHi Batimu iicm 

iliaeevriiil^ut^ i|oom plaftc^i;^ 

ftil, oefttmai ^ua eiireaitUU orietiUii ftouftli prapnua videalufi «t ctu^ 
idi oeddbjMI btor« ait oiim «m|dbrti obie^i^ 

(>^*) p. S^S.--»HonMr* tii Gehkr’t N«aem plifitk, Worlerbueb (Now FLy. 
•hfti lHetioAii)r)» Bd« iriii. 1636« S. 174. 

(^ p, S$4.^Bo«i|amio Petree ftii IIms^ Cosuiiitttioft of Sftiamb dii|rr in 
Goiild’f Asircm. J<mraftl« 185 1» VoL ii. p. 16. *^TIie rioK oonabti of « 
•IreftfB^ or Urame^ of a dotii rather detiiof tbaa water Howiog arooitd ikt 
pfiamf/* Compare alio Siliiman'e Aokt« Jonnial^ M eeriefh Vdf, xii. ISai 
p» 98i and ia«pe«tiog the tD«(^ ting, §nd the pertuiimi^» nnd 

llievtisy Budftiaiiitiigf iudniaioc* of ihe aalcliitisB, Johft Uiaadiiei^ Oat line*, 
f. 820. 

p. S88.-^Sr Jolai llwrbal, Ee^uila of Aftroii* Obaatv, at the Cepe 
of Good llope» p. ii4-^«480i the tniftc, io the Oftlitnoi of AeU. p. 850; acci 
iipott the lew of the BiaUiim, f 550. 

(•") p. 8S7.— Frk», Voffcaftiigeft hbrr die Sti>niitatid<^ 1888, 8 825, 
€hiili«» in the Tranaacl. of th« €aifthrid|;e Fhilo*. Sochiy, VoL UL p. li t 
f*) p* 387. — Wilfiwm BeracheA Aceooiit of a Comets ia the FhU, TinMu. 
Ibr 1781, Tol Uii, p 488. 

p. 3S8.--E«imoa, Bd. iil. S. 444; Sngl edit p. 888. 

{^> p. 888.*-*^Mid)er, ia SchujiiaeMa Aiir. Nadhr. No. 488. (Coffipari'. 
rntp^ the eftipttdif or f»m|»reiiMm at the p^ of Unmiii, Arego, 
AlmnittreforlS^ 

p. SOO.'^For iim ed>a«rvatioiii of Uemil, at Stidktd tJUmpooi), and 

Stroft eompire Moathly Noikee of the Ibpil Aaiioti* Soe. VoK triil 
184t^ p* 48^7, and )88^1|8 1 atio Sdtnm. Aeit, Kaehr. No. 888» S;385. 

(8^ jp 880^^Benthard i^ott tiodmii% Bciliag ior Geich. dar KeptaaV 
Ibitdeciiiaf <Coftlnh<ilioti lo the f lla^ of the Dkmfeif of Keptane), im 

p. 



$w l«i Mourimieitf de U Raii&l^ 
1$46^ tti the (^iiiUM»«aiiC€ daa Tempt pour Taft 1S49, p. 254* ' 

^•^ p* 4dl,-^Th« wy impotiftat olemeitt of ilte matt of Neptune k«i 
grudmd]/ iocreated from rr^f «c(»rdtfig to didaititf rwi'Mv oceordiog to 
FUlftor tiritrtr accordiiig to Bood^ and trfv? woordiog to ^Tolui Heitelud ; to 
^^.Ig^ meeordhig to La tt ell ^ and rrita uccordiiig to Otto and Augtuft StmTO. 
iaaf^mmad Pulkowa muH hatlH^eii adopted m the text. 

p. W2»-*-Airy, iu tlie Monthly Notieea of the Royal Aatr* SoCr VoL 
t^vNd* ft (No¥* 18441), 121—158; Bernhard von Linde imo, Beiirag. 

tur 0«ch, dcr NeptuaVKtttdeckmig, S. 1 — 82aad2S5 — 288. Le Vorrier^ 
ot ihe inataaoU el Arago, hegan in Uie aumnirr of 1845, to work at ike tkeo^ 
of Uraniia. He bud the reaulU of kit inrettigatioD before the laattltde on 
the \Qfh of Ndv. 1845, llie l»i of June, Slat of Augtiit, and 5lh of Oct. 
1844^ and ptibiiahod them at ouce ; but hia greatest and moat important 
work, wliidi eoniained the acdutloit of the whole problem, only appeared in 
the Coonaiasaooa diea Tempt poar Tan 1849. Adama, without priOtiog any* 
Udog, taid the dni reiolU which he had obtained for the perturbing pianel 
before Frofetior ChalUi, in September 1843, and the same, with some modi* 
hcaiion, ia the following month, Oct. 1815, before the Afctfottomcr*Royal,'-<- 
ttfll without publiahing auythiug. The Aitrottomer>Ko}^l neeived from 
Adams hi* dual mulla, with some fresh correettoua rtbiiug to a dimt- 
nuiion of the distance, ia the beginning of &sjpt«mbcr 1348. The yowug: 
(^ibridge geometrtcian has expmaed himself with noble modesty and 
ir dental on the subject of this ehrouologicwl sticcmton of labom^, whkh 
ere all diro<ied to the aaine great object:— ** I meulioQ thcs>t earlier daUs 
nertfly to shew that m^* rwuits wm arrived at indei»endetitly, and pre- 
viouiiy to the pubtication of M. Le Verricr, and not with ihc intention of 
iutorfsring with hU pist cUuins to the honours of the discovery ; for there is 
no doubt that hm fusoarches were first published to the world, and led to the 
aelual discovety of the planet by Pr. Gallo : so that the facts stated dbove 
esunot detmet in the ^ighte^ di^rtt from the credit due to hi. Le Vmtier/' 
As ia the history of Urn diaeotery of N^tine mention has often been made 
eC the early psuriktfMtiou of the great miroaotner of Konigtberg lu the mpeo* 
Utioo alrMdy expreuMed iit 1884 by Alexis Bourard (the aiUhor of the 
Ttddm of L'taniis), thi^ of Uranus m^ht be oatwedl^^ 

planet ttiUauitkiiowii to ua, 1 think ti may perhapa be s^reeable to eoUtu of 
»»y ve^m that I shoold publish hfsre a portion of a letter written to me by 
Bessel), undm' date 8th May, 1840,— two yemn, therefore, before hia convtx* 



^ ioha 4«Hii| lilt rki^ to CoUiiq^wwld; ¥<m 

1^ ilit! ^iml: Jtof mi4 Mmm* I t^for ^ 

»t Kitotgi^^g wbo» tom » mistu^emtoiidmg* ty ak to«f Jto^ir mm 
H Uma I 4a mjsdyt. I h^nd ekowm to « |iiiblio toc^am (on $8tli of 
IMOX ihe of to ooimeotoo Uottvoen Mtoai)mto»l ito«Niiioni Ofti 

•Atonom^i 1^k« i^iiliiio knoivs of m ditoeneo botwixm to iwo» «ti4 It ^ 
dmlmkle to give Ihein jastor view* in ihi* rm^i« lo tomiig llio 4«vebp- 
meni of a^touomtcdl kuo«Mge tom otomiiont^ 1 wns noftir^ly Ind to 
remurk tot we cannot yet hy any loeoa# a^rt tot out theory ex|»l«Ui« all 
to tzkotboa of the plaueta. Urina« was adduced ia proof of tlit«> aa the 
old otomitons of tot planet do not suit at all with the elemeiiU which 
can W infeiTed to ktor otwenra^oai made from 17$d to 1820/ 1 
think I oaoa bebre told ym timl I had iforked maeh at thU ^ueatioii, hot 
that 1 had not arrived at more than the cifrtaitify tot the exisling theoty, or 
rather its applkallou to to aotar system, ao^hr mr if aJtmim to ns, does not 
sadto to solve to enigma presetlted by Uranua, I do not, however, betieve 
that we ought on th^» aceonnt to regard ri as not sosceptible of solntion* 
'We must first know scenraiely and completely aH that has been obsmed re* 
spcetin^ tfraniAS, 1 have got one of my young andttoca^ Fleming, to reduce 
and ompare aU ihe ohsmatlofis, and thus I now have alt to eatailng data 
befoiw me. If the old otoenratioss do sott well with the theoryi tha 
later oiiea do »o still less ; for the error ts again already a full mitmte, and it 
ioermsea anumdly hy seven or eight seconds^ so that U will soon be toside* 
rahly larger. I hare thence ibonglit that st time would tome to which to 
sohitioii the enigma might perhaps be found in a new piatielY whose elt- 
mtnto mighi its efibeta m Urustts, asid eonfiriiied by tlmse 

oii $4nm. I was to from saying that this lime had adiwiiy arrived, but I 
mmft now to try Aam far to eaiaiing facts may lead. This is « work whidi 
I tot had by me so many and I toe thready so many dN^ 

riewa to iu itot tto «ofnt4«ti<m has pwrdikr atirnttons to me, aiid I 
shaUi, toietot* omit noihii^ to biing it aboua as soon u possito. I have 

at wtotor he is ti^>w^ 

pfointoe to dt^^ to aaiim ed^ obw»vatito^^^^ 

wtoh ha hm now ptrtomed to Granm llto my mdim^ 

dfistodl^ pfes«at« no nmking otomtiems, 

to tortures; Ko tom w 

to Um to wto to wiB tod ^ a t 

to ito to wife 1 iiwiii to m ^ 



(Sdiitiiiad^V A«lr^ Ni^h. ^ 61XvS^l^)* 

(f?) 09$.— ^OUo in iltc Ailr. NiK^jr. No. 029. AugMiit 

ftt l>^r|i«tr cmiRitcbd title orbit of tlio 0ni oatelUit ol Nqitaae ^m the obter^ 
vai jotiie PuU^ 

p/090.-^W. C. in the F^ticeedtnge of the Amricaii Aeadentf 
of Arte «s)4 Sekooei^ 

^ 093.--S«lmflx Attr. Nadbr. No. 709, S. 148. 


(^) ^ 095.-*Keiit Mya: ^*Tlie bti plweU beyottd Satam will be fimtid 
to bear ao Inemtiog membUnoe to oomeU, until one ckst of bodiee it eoa* 
Qceied witb (Mr pattwi hf gradual txaiuitio& into the other. Thlt suppoettHNi 
u iupporied by tbe law aocording lo which the exceutrkiiy of the pUneUry 
ofinit tncreates with theur dutanoc from the Sun. The remoter pltaeU »p* 
proach thereby nearer to the di^uition of comelt. The latt planet, and (brat 
oooiei, may be the body which at ita penheiion »hall be found to internet 
the orbit of the neat phmei, perhi^ Sidara. Our theory of the mechaaicml for* 
rnatiim of the heavenly bodiee it alto clearly proved 0) by the magnitude of the 
pfaaHary mamea iaereaaing with their dUtauoe from the Sun.’^ Kant, Nator* 
geadi. dee Hiniiadbi (17bb) in hie Sammtl. VVerken, Th. vL S. 8$ and 195. 
In the begintkiiig of tixe 5th Pari (S. 101) he bad epoken of the eirlkr 
comeUUke aature which Satnm bad kid aesde.** 

p, 896.*-Sicphea Akaander on the Similarity of Anrangemente of 
the Aitermda and the Comeie of Short Periods, and the PoesibUiiy of their 
Common Origin,*^ in Goidd'a Aatrmi. doumai. No. 19, p. 147, and No. 00, 
p. The author diaunguiehre, wUh Hind (Sebum. Aatr. Nachr. No. 
704} *' the eomii of ahori period, whose aemi-axee are all nearly the eame 
with Ihoae of the amaU planeU between Mara and lopiter^ and the other 
daa^ inclodii^t Ihe oometa, whoee mean diitaiioe or iemi>axia ta aomewbai 
leva than IhM of Cranna.** He conditdea the hiat memoir with the aUietneAt 
thM and ooiiieidcorea agree in istdicatiog a near appolae, if 

not an aettml c^iaioiii Man w titlSlhor 1819; tint the 

comet wia thereby bioken into three paiii, wboae orblu (it may be preattmed) 
received oven then thw ^dtrai, via. th«d atill ptoMmted by thecenneta 

of 4810, ISIl, ami whidi are fragment oHhe dittsevtt^^ 

Brpoa. do Syit, do Monde (dd. l$f V), p. 414, 



lO^iSQ^ 

'■•j^fiiil#*: 1 %?tST I-:;-®!*®!* •!» '-■■ 

(**) m 99&.^ — In MfW knlf«iBliiric4 ISOQ in 19S0, tlwin lui«« 
in |i9 e«MiMC»<ri«iU> tn tin anlndiiji* in Kniiii^, or tn^iii tn> 
twraAnflialf • re*p«etiyc^<^t^ 1(^ frlQ^ 

4. nd 9 l Taloag Umw tbn* in bn!f-acatnr6M» and giriog tte jmt of 
■pirnmnw of tncbeoairtt ire hwoi — 


ISOO— U50 

1700— WO 

13 evHiieU. 

1702 

1744 

1740(2) 

ltS0<~>l«00 

— 

10 coautt. 

4 CMMftt. 

1750—1000 

1000- 16»0 • 

1760 

1607 

1768 

laid 

1760 



1781 

0 ootceU. 

4 OOOMt*. 

WSO— 1700 

1000—1850 

1663 

1007 

1664 

1011 

1600 

1010 

1660 

182s 

1673 

1830 

1690 

1805 

1603 

1040 

1606 

1045 

1600 

; .10^',. .:■ 

; ,16M - V- 


10 rnuth. 

9 CottMt** 


Ibn^'fai dp .df Ailw»!W)>;: '(i|itH>limwv.I Sff 

ildi ^.'^**!** 



ismm. 


«a4 ii^ao; 9» ctm^ mu 

w i&m 1^, uBS^ vm, mo^ vm, m im, 

^ ^ ih» ^^JsaligtMst amiet^ w ww #tip{K^ id 

in iioim tiid ikt^rfi^ 4«titb of the 
dUoQf «r^, Bmlboioiiiew mhen he Miled wr h Cftbi^ fkom 

BroiU to the Cepe of Good Hojms. nemboMt, Exemeti csiL dt de 1i 
G^ogr. T. L Pi aud T« ▼. p« 80 (Sousa^ AaU Portog. T. i* P« i. eap, 5, 
p,46). 

(^*) p. 3^9.-»Laogier, in the Couoaiftftaace deft Temps |war Ten 1846, 
p. 99. Comfttre also Edotiaid Blot, E«eherch<» sur )es Ancientieft Appati* 
Uona Ohittoiaes de W Com^te de H.iU«y aoterieiures k rAnnee I37S, work 
before dUd, p, 70*— *84. 

p. S99.— On the comet discovered by Galle in March 1840, tee 
Schumadser’ft Aftirv Kachr. Bd. 17, S. 188. 

d***) p. 899.— See my Vues des Cordilleres (eiL in-foUo), PI, !v. fig, 8, 
p. 981—289. The Mexieatift had also a very correct view of the cause of a 
lokr eclipse. The same Mexican mannsenpi, execnlel at least a qtiart^ of a 
century before the arnval of the Spaniards, represents the Sun as aliuoid 
covered by the disk of the Moon, and shews thcfitiirs visible at the same ttme. 

(^) p. 400.— Thb origin of the f<ii/ from the frml part of the head of the 
oomet which engaged to much of Brssers atleulion, i» in accaidouce with the 
view already taken by Newton and by Winthrop, (Compare Newton, Prinetp. 
p. 51 1 ; and Phil. Tmai. Vol. Ivii. for the year 1767, p. 140, fig. 5.) Newton 
ihonghi that the UH sria developed in greatest strength and length when 
near io the Sun, boeittic the eeleslial air (that which with Endce we caB the 
** rciisllitg tnediom*’) is there most deuse, and the partienlm ewndm,* hdng 
atrongjy heated, asoeiid most eaaily, being upborne by Urn denser oekaiisi 
air. Wtnikrup tboeght that tlni princi^Hit effect does not take place nnUt a 
little alter the petibelioD, tieeattie, locoiding to the law estaUiabed by 
Newton (Pfiadp. p» 494 and 466), maxima arc always in arrear (at t.i 
pertodkai changes nf timiperalitre, aa well aa in the tides of the tea). 

(^) p, 400.— Ai«^, In the Annttaire lor 1844, p. 398. The ohaenra* 
tlou waa made by the ytmnger Amtet. 

p. 400.*^On the oomet of 1843, whkh in the month of Idmk ^ thal 
yeMTki^^ a lhstte nnt^t^mfkd in the North of Europe, and whkih 

ffpprnaxM to ihi: than any other observed and oaksdated oo«ai4 

m of Astixmomy, | 839—897 j and POiroe* 



'^09' ■ ■ ■■ ■ 

kmwfim AfaqfMie ^ 1844» lUto^iilcir p!ijrA^ 

Imi^ 

y» N^ Qaieii Kb. yIk «(ip. IV aM 17^ M ^mpem- 
•kp to tbii ^OMil bmng ia|K> 0 Md to bo ideotkal with thoie of 1008 iwii) ]l08a, 
(Kpm^ i S. 144 tad 410» At^iii. 62i Eogl. od. p. 188 tW miit 
No4s ^ ; Oalle« la " dbon Co^ctenhahtieti/* No. ^ ao4 

(ScAom^ A»ln Nadir. No* &40« S. 878) believed^ on ibo oUtt 
thil tbe cftrlkr appearmiioei of iht# eome^ Mi|iuiit$ W H a {wriod of taro- 
toikni of 147 iron, had been iho«e of 108$» l54Sj ami UOl ; be ereo illllt 
it ** 1^ eoixtei of Ariatoik**’ bcctaae he tracee it bark to 371 ax., and, with 
Iba talented Hdieoid, Thiereeh, of Moobh, cooaidm it to be the comet men* 
ttoned in the M^aorol. of AriatoUe, Book i. cap. 6. I wotdd re mark, how. 
ever, that the name ** Comet of Ariatotte*' ia liable to much tiacertdatj in 
rec|ieet to tU dgnideatkMiu If the eomei which Ariatotle maken to hare dia* 
•pfHWred in the (xvotldlatton of Orion, and which he jonoceta with the earth. 
4|Qike in Aehaia, be ntcanl, it niuat not be for^iten ihat Ibis comet u atalcd 
by Cdie^aaes to have appetred by Diodonw a/tfr, and by Ariatotlt 

erf f4c iim€ the eaitl^iuike. The 6Lh and Sth chapien of Amioite'a 
Meteorology treat of font comet*, the epoch* of whoae ap; etrance are iodi* 
eeted hy rdenmeea to the Arehonftat Atheii^ end to di0ereot calamiioiui treni*. 
He there fnentioBi tncceatHrcly the ** weatffn'Vcomrt, whkh appeared at the 
time of the $p^t eanhi]nakc in AeNia, with which great innudatko* were 
eonnceted (i^ap. 0, S) ; thcii the comet which eppeared in the tiaie of th« 
ArdM^o Eoclcf, the aoa o( Mokm («ap. 6, 10); and aubai^oendy the Sta- 
ipdte ipeek* again of the weaUrn coinet, that of the ffcat carthqneke, and 
n«ni|tie Js conucctiOA with it the Archon AMetiii, a nme whkh iiicf^met 
fK^iliga kwwe ^nr«f^ Amtw^ti*, nod wbo» on iM acrooni* 
hh errornmndy refonk a* the lame pmoo t$ AmtheBCi er 

Al^ br n e a. The Inatrc of Ihit amici cd Aficna 

ti^ bimrata ; it# tad, tlM?rdore, whieb wa» called the wfty ’UdW*|, wa» AO^m 
length. It iifetched to the nc^hbourhood of Orion, where H wm* dinolired. 
In w$p. V« 8, mmiim iM mmk of the amici which appoered dmoHancoody 
wpt ^ egldMN^ Of a inwt«(»:k diHie ^ JEgoi Potamot (Koi^ 

be f mm wHh ihn ai^ 

•i iMt..: apA 0^. 4^ '; 

■A || •' lift Ian idft i Wl^ *a m ll:j>a"m^ia£iefh' li j-jhAiftwiiew#' liilWA' 'TTitlBf' ' ' 

Jliwyg iHB . 19 wwfii i j* . 



K'dtii. Ml;:; 

wUh the eerolftlc ^T/accor4i»g to the 

«!♦* trti 7^» B.C.), utoder the Ar<h6tt Th^eet^es; the grieei ot 

AaieB«> Whieh ej^fteered et the time ef the etrth^uehe in Aehele, en^ i^|k 
io the coiutellatian of Oriou, in 01. 101| 4 (373 BM.) ; the eraet of 
BodifM^ the too of Moloo^ errotieoueljr celUnl BocUdee hf Oiodoroi (liL 58)« 
hi CM;. tlS« 2 (427 DX.), e« le iil«o coOfirmed by ttie CommeeUry Of JTohebtii^ 
J*!iifo|*oitoe ; tud the comet of Kteomachne. m 01. 100, 4 (S4l b,c.) In PJby, 
fi. 2A, the lObth Olympiad it aiUgued to the Jub» eMgies mutaU in hafrtam. 
Seneca alii^ in the immediate coDoection of the comet of Astctie (01. 

101 » 4) with the eanlniaeVe in Achaia, inaamnch «a he mentioBJi iit the fol* 
lowing itiaooer the dtn^». ruction of Bum and lleliee, which towns aie noi 
expttisly uamed by Arutotle : ** £i%km igai« kmgi fuisse, Ctlitsthenee tra> 
dtt« atiie<)nam Borin ei Ildicen mare abseondcret. Anstctelea alt, noa 
trabem illam, scd comi^Um fubse."* (Scaeca, Nat. (Ineest. vii. 5.) Strabo 
(riii. p* S!i»l, Cas.) places the destruction of these two often intiiUoned 
cities two years before the battle of Ijcnctra. whence we should again hate 
the date Oi. lOlj 4. lastly, when Diodoros Sicoltis has described the 
same event in more ddatl as taking place under the Archon Asteus (iv. 43 
aiid 49)V he place* the bright ** shyow* casting” comet (xv. 50) ouder the 
Andion Almlhenea* a year later, 01, 102, 1 (372 B.c ), and makes it a herald 
ctf the downfall of the Wcdfcmonian dominion ; but Btodorna had the habit 
of transfrmog m event rnmi one year to another, and the more andent and 
wcni^ anthofities, Ari^^totk and the Parian Chrowick', testify in favour of the 
epMdi Of Astens iu preftfence to that of Alcblhcnc*. Now as, by the assump* 
Itou of a period of ytrokitkm of 147| years for the fine comet of 1A43> 
Bogmdawski tracciit Ihmtgh 1095, 1548, 1401, and 1 108, back to S71 years 
before oar >»il, Wfi find it agree with the comci of the earthquake in Achaia, 
according to Aristotk within t wo, au4 occotdiftg to rHtjdonis even wiihm one, 
y«ar/ wbkh| if we conld know anything of the simUarity of the orbitt; wtHidd, 
indeed, be a raty ain^ tousidering the pnibable i»crtnrbatk>ns in so 
lon^ ah intcml. If l^itigrd, in bi« Comett^jtaphie, 1783, T. L p, 259-*~282 
(<m tha authority of and takiag AbHsIheRc* mstead of AsNnsaa 

tte pbrea the appearance of the eomet in Orion of 

wbi^ and y<4 oail* the date July S7l inabead of 

ATi be ^roei with aomc t*trom:»wm in markhc^ 

^ Era a« anno 0. It mnsi be lit 

coti^niian;4h^ bw the bright comet of 1848 quite 



-msM 

l€l@* iM 131S. (ConifrtMre OutHiwi oi Aitraiioti^^ $74 
10 |K $TS. with Giia«> io Olbert Cotiiei«i)Whii«ii» S. iN>8» »»d 

244k Hiifi, od. Olh^ eombinnlioiui of Poiroe i^ihI Chiiiioii ev^ 

fiv« periods of r^dutitm of $l| or pt^ of Jb« 

howdo^ if i« to trace <m«di the cowot of 1813 to the tiiiie of the 
Aeteos. The weation iu the Meteorot. Ilb< t. cep. 7. 10^ of « ebmet Ontler 
Aceboo Nko«ia»ehoi» bee the edreotege of iofomiog ot that ArUtotk wee et 
keel 44 yrmre oU wboo that wurfc wee written* U hae elweye eurprieed me 
t iud lidi greet men, who must here been elreedi' 14 yeere old at the time of the 
forthquehe of Acthaia^ end of the appeerance of the grem comet in Onou with a 
fail of 40^ in kngtb» ahontd have tpoheu with ao littk antmetion of eo hnK 
lienl an ohjeet^ eonteotif^ himielf with merely enumenuiiig it aa one of the 
eometa that had been seen in Ma tiute.** The iurprine u increaaed on finding 
tl eaid in the aame chapter that he had aeen with hta own eyca aomething 
uehaloaa, or eren a faint appraranee of a mane («4an}, round a star m 
the " th%lihone of the Ikg*^ (perhapa Frocyon in CanU mioor), Metcorol 
t, 6* Arbtolle also jfc|w«i£i (i. 4, II) of h^'a obi€rtratio& of the octmJtaJioii 
of miitar in Ckmlm by the di«h of Jupiter, What ia Mudof a nebnlotui mane 
or taporofii eorelotw of Proejfoo (7), reminda me of a pbnmoineikon repelitedf) 
ap>keii of in the anmat Meiican imperial aniiala^ according to the Codex 
Ti^lieffaiius. Thi* year'* (it i* aaid) ** Cittalrholoa*’ (the phuiet Venms alio 
cwlkd iu Aztee ’riaroteatl* ace mj Vue# dee Cordill^rea, T. it. p. 303) **veM 
epMW seen lo emoke.’* The appearamrea aeeo rca|iectirely i» the Oreek and 
Meaicaa aky WOT pro amall haloi round the atar and Ihe plaoeCihe 
piMimxNtteimn being one of aitnoaphtrir fefmtioii. 

pw 400.— ICdouard Bo>C *» the Comptai fenduSk t. zvi. 184$, p. 751. 
py 401?^ — GalK itt th« Apjmidii to "^^Olhera (!!Io««!letihahm?n/* 

No. 1$0. {Ott the prtibabic pamgt of the two*tai}i4 coimet of 1833, sec 
Her, |848, No. 1 75, p, 103*) the mrmok refemd to in the text, 
contidiiiiig the ime ekmenU of the of 1380, doin away with Haller's 
to wikh ihai hairing e tnppcHi»^ of 

inf^iloh of yearly wooM hate api^ i?ertiih gtimt e|^ 

hkl<kT ^ mankind t at the time of the Ptood acwording to the tiebrewa, at 

Gr»wk% the Trajan War, the di^truction 
’ ^ %t| of;' JaHtt* Cmtar, S*. ■ iisdte** 

ft» leaW: 

^ Ifc* 1«80. WM ^ $S0OO6tfllWW;^^^^ 



I Vtog BOOOO geoj^liicil miles lem il^n ih» distjmee of 

Ae Himhi from ilie jBlertliv Tbe a{i|«lidii of the oomei is BBS'S dlsli^ of 
tJ^ |lMh Sttti^ aod the tftUo of itt lemt to iU gmideat 4M«iiee 

0^^ Sim is as 1 : 140000, 

r*)p- 40L-^Arago, in the AAimalra poor IBS^. p, SS6*^855/ 

^p;4^ 

(^) P* 40S,— Bemhaid too liodeoao^ in Sehom. Aiir. Nachr. No, SOS, 

ijs. 

f Bd, ilL S. 4S— 40 ; Kogl ed. p 36— SO. 

^ p^40S.^Le Verrier, in the Compies reodus^ t. mix. 1 S 44 , p. 9 S 2 — '90S. 
p, 404.^J^ewton aMomed that the brightest cotofU pu««eis ooij a 
Hght reSected from the Sao. Spleodcnt comet^e iuce Solis a ae r^esa. 
(Frioe. mathem. ed. Lc Settr ei Jaeqoier, 1700, T, iii. p. 577 ) 

p. 404.— Betsetl, in Schamaeher’s Jahrboch fur 1837, S. 169. 
p. 404.— Kosmoi, Bd. L S. 113, and Bd. iii. S. 50; Engl. ed. Vol. I. 
p. 99, and Vol. iii. p. 40, 

(^) p. 405.— Va1», Etsai sor la lletenaination dc Is Betuate de TEtaer daat 
rE«pa<5C pkodtaire, 1830, p. 9 ; and Kosmos, lid. i. S. 112 ; Engl, ed. Vol. i. 
p. 9sS, Hefelins, who was sImtsvjs m careful and mipnjiidiccd an <^»erw, 
had aJfsady had his stteatioii draim to the enlargemeat of the iinelei of 
comets with tomaring distance from the Sm (Fingrtt, ComMogiraphie, T. ii. 
p. 193). Deierminatiowf of the diameter of Encke's comet when near the 
Sun are very difhe^dt. if esac4nei» )9aimi7d at. The comet is a ncbulooi masst 
in which the middle, or a part of the middle, k strikrnglT the hrightad. from 
thk place, whteh has not at all the appearance of a dii«k, and cannot be calkd 
% comet** head, the light d«*creajM?^ rapi lhr on all stidra. At the same time the 
nebulosity iapitdonged in one direrthm,ao that prolongslion appeartllkc 
a Isii Measun ^- u # of the comers dimensiona refer, therefore, to this 
ncbiikwiify, the dreumferanee of vflrn h, withoni having «ny very WflV^deSned 
outline, dimiftkhen ivhen the cornel i* at itn perihelion. 

(**0 f* 4ll5.— Shr John Herschcl, RcauUs of Astron. Obaenr. at the C»pc 
lit Good Hope, 1847, § 366, PV. vv. at^d ivi. 

p. 4i>6 — Although i^iU hi cr (5ih of March) Ihc distance betsFeen 
the two eoinets was see© to increase to 9*^ 19', yet this tnmaac, a* Planta- 
mour has fhewtt^ wi^ wdy appafeni, being dcpc«<dcnl on infritsisrd appmxi* 
matron to the fetHh, From hVbmaiyr to the 10< h of AUrth, the two por* 
tio»« of the ifittbie eoinet e<mitntie^l to be st an c^nal datance from each other. 
P« 406.— liS? 19 1846, on aperyoit k food imir dn rivl <|wi 



8tro»>8; ta tlM BoUcttn 

|p. 40&~C(mi{Wi«^^^" { S80>-'(8Sv tjiilte, 

^bei|4t^ fUmi hit comotem, qm tmnhm idoH«}lum otmlis ctnto^^ 
qtili m imit mnin«» exm Heliec^ ti Borin oriu rntx tii 

liQNini diiwfftinae m 4tuti qnod proE^er ilhim nemo trtididlt« Qm# 

fiiiiii ohsvrvm tlind momentum qoo cometet solutns ti in dtuis partes 
radaeins eat ? Qaomodo aotem, « e#l qui viderit emittcm to duat denmi, 
naiim vidH fieri ex dtiabmir* (Seneea, Nat. QmxisL lib. trii. cap. Ifi.) 

p. 407.— Edoitard Biot^ Reehereh<» «ur ht ComHtt do la Cbllretfon 
dft iti tbe Comptea rtndm, T. ii. 1845, p. 834. 

p. 408.— Oftlk, in **OIbm Method^ dcr Coinetcobahoeii/* 8. 232, 
Ko. 174. The mmeta of CoUa and Bremiker^ of the yean IS45 and 1840, 
combine dliptic orbits a tth not t cry l<m||t periods of rtvolnttcm (not torip, T 
aMsin, If ee^mpered with the penodsi tt S085 and SSOO yean of the comets 
1811 and 14S0). The cometa of Colbi and Bmniker appear to htrt periodsof 
and 844 yean. (See GaJIa, in tba lait-qnotad work, 8. and 2$ 1 .) 
p. 40t>.— The ibtal period of tcvolttlton of 1804 days was recoja^niseii 
by Eoeke on the reappearance of kk oomet In 1810. Sm the first calcrtkicd 
elbplk oHnU in the BeHin *‘A*troti. Jahrhuth** for 1828, S. 1U8 ; atjd f>r 
the €Km$i»ist$ of the rwiisting medium*' aasumed for the expUimiKm of the 
aaaifimted rerolttilofi, ace ^ioebeV *• Viette Abhand).*’ in the ‘‘Sebnftefi dcr 
BcfBnef Akn^mie*' for 1841. (Compare Arago, in the Annuaire potir 1888, 
p. 181, mike '^UUrekMn Alexaindrede 1840/^ and 

Gallic in Ofibtw Oomcdenbahtieti, S. t2l.) In refarenee to tha htstory of 
Bodba** comet. H rensama to be noticed that, m farm onr knowledge of obacr- 
twtkm txttmdn, il waa first sren, 17 Jan. ITBfi, by Mecbain, on two days; 
Ihiit by Mtia Cafotmc Itcracbct, 7-^27 New. 17^5 ; then by Bottrard, Pons, 
aaid flnlbt Oct. ^Not. 10, 1805 ; and iaatly^-^his being tta tenth return 
•in«n ihf dhmttry by Meohatn in I7S6— from tb« *filb of Kwembef, 1818, 
in tW of iantaaiiy^ Bona, The fifsl 

ihtmd by Rnckn anit obfertad^ by 

217; if 1, and bn as if h 

cattail Ombbitt ai9^ Inii^ «*f 

ITTS^ by Mimta^nat then 

bi ^ JTib I%brnii7, T Kerr fbn 



. . : : 

ih^ of M ]^mille9» hy Q«iil%«i1:> Uii^ 

dottbtedljF ibe earlicif mlbiooverer of illMS oontH of 1772 iw A»d 0 OI 

Giuobft^l lHit» oo tite c^her bimil« the li£t«ir d£i«:miac!il tlto elliptic ekmeeU 
earlier iliiut Blela^ and almoftt aioiultsucotialjr wHb Clausen. (Arago, in tbe 
lb32, p. 1B4, afttl iii the C;omptes Hendus, T. iii, lb 36, 
^ 1 . >130 11i« 6r«i prec&kulatc^ return of BkWs eomci was oHserved in 

Otobcr ftud Deoeinbcr 1832 by llrnd«rson> at the C.‘ape of Good H 0 j[»e. The 
^CraoriitEJOFy bipautitior& of Birla's coim^ took place, oti iu eleventh reappear- 
aUM «aco 1772 , at th« end of the year 1S45. See Galle, in OlWs, S. 214, 
2 IS, 22 C 227. and 232. 

p. 402. — Outlines, i 60 1 . 

(^) p. 411. — ^l^pUee, Kjtjm. du Ss *temc du Monde, p. 336 and 414. 
Ijipiaca s parlienlar view rasfKH^tiag <'o«j«rts ati w^uderitig nebulae (petites xti^u- 
leuaes emula* dc i> stemes en »> internes solaircs) is opposed io znany ways by 
the advances which, since the desth of that great attronouier, have been mada 
in regard to the resolvabiltiy into crowde*! clusters of stars of m many nebulae ; 
and also hy the rircumsiance that etniteu art* found to have a portion of 
redacted pol^haed light, which, in selfduit^iuous cosmical bodies, b entirely 
watiting. (f-'ompare Kri^iuos, lid. iit. S. ISO. 320, 320, 357, Anta. 25 aod 
26, and S 362, Aum. 46, Engl. edit. p. 122, 225, 234, hxi. ai^d Ixixu 
Kotc« 382 and 3S3, and Isxsv. Note 403. 

p. 412,-— At Baht Ion, in 4t»e U^anjcd Chaldaean school of astrologm, 
a« well as with the l^4hagoreans aud gcfieraUy ia the ancient schools, there was 
a division of opinion. Seneca (Kat. Clua^st, v«. 3; adduces the opj^^^ite 
vUtemeuts of Apollonius ifyndins and Kpigenes. The latter b a writtr 
named, yet Fiiuy (vii. 57) terms him "gravis auctor in primia, " and he h 
also m^itoned, thougb without praise, in Consiirinus de die natah, cap. 
and Slob. Ed. phy»i i. 23, p. 586, ed. Ilcereu. (Compare Ixihcck, Agiaoph. 
p. $41,} jDiodoruf (i«. 50} thought that the gcticrel and prevailing optmou 
of the Baby Ionian astrologers (Chaldae o«) that asmtls rdiirtt at fixed 
tunes in determ tnaie paths. The dtri»ioo of opinion which previuied among 
the l^thagoreaos mpeetuig the planetary' nature of comets, and arhieh »* 
indicated by Aristotle (Meteoroh lib, i, cap. 0, 1) sud Fseudo- Plutarch (l)c 
l^sc, philoa. lib, til. etp^ 2), also exlctidcd, aeeording to the former (Meteoroid 
b, 2), io the oj^tdona fontsed coaccnwng the natorr of the Milky AVay^—. 
tbe sbandoiied path of the Sun, fmm which Fhactofi was prvci|utatcd, (Oun* 
)>are de T>e«d* das Inscriptions, IS30, 1\ xii, p, 108*) 

The opimon 0 # among the Pylbagoreans i|uoted by Aiisiotle was^ that 

vot, m* A 



to tbe tmititor of ibo4« p)aaet> wbidl^ liko Mom 
Mg time biff«»re ibe^f oaii beoome viiiM hy eeeeodiiig tWve tlie horMn iti 
iMr Gonm/^ la the ^ty ftn^mnUry P^eodo^FMercIt it it tbof eomcU 
*Vdjie fixed period# o(t«r hevinf eompleted their eott»^e/* Mauj thb^ 
r«i|)fetiiig the nature of oometa coototned tii eeattored irritifiga of ATrieii^ of 
ffhom might horr made ti»e, mid of Chariiminder^ whim name 

almte han been preecrved hv Setiete and Pappus, have boeu Ml to us. Sto- 
hetw ette* m the optoiou of the Choidieaitfi (Kidog. lib. i. rap. 23, p. r i, 
Christ. Plaotinfis), “that comets are so raivly risible because »o their bu<? 
coum> they hidr themsclv^ far away frtun m in the depths of aHher (or *>f 
apaev!, like fisHos m the dept ha of the ocean."" The most {demirig. and^ nol- 
arhhstamliiig the rbelorical colouring of the {lasssige^ the soundest remarks, 
aa^l most fouionaut with our present opinkina on the subject of romns, wbit'h 
we meet with ai»>itg ancient writers, are by Seni?^ VVe read in KaI. 
Qna:«r. lib, vii. cap. 22, 23, and SI : Non eauji exiMimo comcicm suhiu- 
netim igneiii, sed inter aAertia opera naturae.— tliiiJ tuvn mimmur^ comcUis 
lam raniui muudi speotacuhim, noadma teucri legibus certia ? ntc ioitia 
dlorum fittes^ijuc patcsicvre, c|(ioram ex ingeaUlHis iutervaliii rtennm tu > 
Konduin sunt anoi <|nii]gentty cx ^nn Grmct......aiellb numer^M «t notuinH 

tmL 3ftil*m^ne hodie anitt gentea, i|uin tantum facie noveri&t eielain, guar 
nondum semui, cur Inita deficiat, qmrt obumbrtiar. Hoc apud nos gaogtie 
noper ratio ad certniti perdnxii. Veniet tempua, qm ista, qam nunc lalent, 
m Incim dies cstrahai ei hmgiorta levi diUgentia. — Vanict tompua. qm>posteri 
tkOitri ram a|terta ooa fMweisse mireiitor.— aervat, (pM ostendit revi* 
sentibus. Remm naturt sacra ana non simul tradtt. loitiatos nos credimns , 
in veatihuio tpn hiertmus. lUa aroitta non pfomiscue nee omolhus paUiit, 
redoela el in iJit<u*tof« clau.«a snitt. Bs gothua aiiud hme esHt, aliud quar 
post no* anbihtl. dca^ki. Tarda magna provemunt/' 


p. ASI>*-*-^1!he ifeetac^ ^ the starfjr htaven* presenU to onr view 
e^edia sot ctmtempar«n«0tta : iittidi has loftg risM dbipfiaarad, et before 
H lw»c«m« rbibla lo mr and in much the order and arrsnaemmit have 
ehaitfed^ Bd. i. S, Jfil and 4ifii Bd. iii S. ^ aad 123: Bngi. 

adit, i p^ 143 and xax)!.; Vol. iti p. 7S and xai. C^rnpare Bacon, 
liof OjpgaiL Load. 17SS^ p* ^7^ > «»d Wtlliam llersctiel, Phil. Tran*, 
ibr 



mm». A 

Bil. i. S. 1S7, 14», «tid 407, AXitn, 55 ; «il. 

12B, «ad xoii. 

(•^) p. 4SK8*— ^ ih« opiAiooft of I5« Greekt 00 th« foli of meteode ftooea, 
in Koomoo, Bd L S. 1 SB, 139, S95, 897, 401, 402, 407» *\oin- 31, 89, 39, 
57^59 ; Bd* it: S. 501, Aom. 27 : Btigl. «d. Vol. L p. 123, 124, jtxl wti. 
«di$. xxvH* sod xxtL — mil. Natoi 51, 52, 59, and S7 — B9 ; Vol. ii. p. cvif. 
Note 457. 

(**•) p. 422.— 'Braodw, Qe«ob. dor Griocht«eh*RooQu Philosopbia, 1*5. i, S. 
272^277, against Scblekrmachcr, ia the AbhiLa<H.‘der Berl. Akad. aua deit 
X 1804— 1811 (Bed. 1815), S. 79—124. 

p. 428.— If Btobieai in tbe mnt jwmpt (Eel. phya. p. SOS) mak*!s 
Biojcoiie* of A|K>llo'jia rail the Mitrs “ bodies of ft ftobstanea resembling 
pnmiee-atone*' (portms stones, therefore'^, thin description may have been 
fftrottred by the very prevaleut idea in ftnti<|nity. that lU celestial bodies wt^re 
(bd by hnptid exhtdutioos. The Sun ** gives back that which he has sucked 
np** (Aristot. Mctt*orol. ed. Idelcr, T. i. p. 509; Seneca, Nat. ^uaesi. hr. 2). 
The ptitnicedike bodies** seen as $h«>otitig stars acre also supposed to have 
their own eshaUtions. *'* These boiiits, which cannot be seen so long as they 
wander aboot in space, are stones which kindle tod then bee^^meextingiiisheil, 
srhen they fall to the earth** (llat. de ptac, Pferks. ii. 13). Piiuy (ii. 59) 
believed that many meteoric stones fall — ** dccidere tamt^ crebnx non erit 
dtibtum he also knew that Ihci? fall, w hile the air is clear, is ik0rom{wunic4 
by a load noise (ii. 4S). The seemingly attaiogous passage of Seneca, in which 
he names Anaximenes (Nat. (^meat. lib. u. 17), refers proliably to the thunder 
from a ftonit-clottd. 

p. 423.— The remarkable passage in Pint. Lys, cap. 12, trsnslated 
closely. IS as follows : — ** It is a probable opinion which was held by thiise 
who said that, shmdiog star* arc not emanations or overflow ing* from the 
mthcreai Arc, which becomt? cxtingiii^'hcd in the air immc^liatrly after being 
kindled ; ucithrr are tltey product^ by ignition and comboation of a quantity 
of air which has detachtid itself towrard* the higher regions ; but rather they 
are heavenly bodies which fall or arc cast down in eonacquence ofm inter* 
inlision, or Irt^wljiurity, of the force of rotation, and arc pte^etpHated ou* only 
on iuhaldted hut also, and i« gieatcr number*, beyond these, into 

tbe grcai sea, lo that they remain ooncealed.” 

428.— On ahiNdutc dark bodies, or bodies la which the 
proe^ eoasea (peHodtcally ?) ; on the opinion# of modern aidhoritka {taplace 
and Bessel) ; and ou BesaeTi obaervation, couflfme*! bv IMers M K5nlga» 

■# 



tQ tltmiioift in tbtt froper motloa f»l Broe KottiiKN^ Bel lit 

4^4.«^C4>(Q{>an» Ko«»o*, J&il* UL $« 4S*<<*44» mid 
EiagL edit p, iiBd s/N^e^ 

f**^) !>. 4^4«*-Tb« reiYwkftUie pam^e nMuikd to i» Ut« ieit (Pluiiurd), d« 
fiide In orbe p, 9^3)t eiojMdy tran«il«ted« it u loUow* Vet Ui# 

Midti U krp| th>m {or heipod agaiu^it) faliivig:; hf tU onn moUao^ «iid bjr thn 
impctnoftitT of its rerolutba, «» ihiogt pUu^ io eliogs ire hitukred from 
hr being whirled round in i cifcle.*‘ 
t^) p. — Kooujcdi, Bd. I. S. iUBi Bn«K edit, p, 113, 

p. 43d.'‘'^CouIri*r*Onmear and Satgey, BeebereKet mr k* Etoilet 
6liiiitee, IH17, p. d3-~$6. 

* A 

p. 436.^^^ l>te penodiidieA SUeuMdumppea mid die Keiuiiite to Er* 
echeinungent ibfektttd ia» dm wihreiid der letaleii 10 Jiiini za Anclum 
logcNdillteti Beobiditttogett, too Edmurd Heii*^ (On Periudiai| Shooting 
Stir&, lad the HetMtUi derired from Obeervitiima of theie Fhmitoiaem, undo 
dtmog (li« bet Tea Veart ll AtxtoChipedai hy Minrd Heis), iS4% $, 7 
end 2<t— SO. 

(^) p, 43f».-^Tlie iMigonie&l of the North Pole ei e txnirt of redbiion 
or poiift of iikj|»ertiire of ihootiiif tiirt in the Angeal period^ re$i« oaljt on the 
obferveiiom of a single riser, 1SS9 (10th of Aegnit). A irereUer in the 
Eiit, Dr. AjKkbel Grenl, whtei from Merdiit, in M«s«o|)oUmti, tint eboui 
msdnighl the eky wee ea it wm farrowed hy ehtjMiting tot, whieh Jid pro^ 
cedkd from the t ieiaity of the North Pole (Heu> 8. eccoidifig to a 
bttrr from ilmki to (i«etdct, end K^rding to Dr, GnitFi jommeb). 

p- 437, — Thii inprfionty of the poini of ikpetiimt m Pfreeei over 
tint in Lro to reepeet to the namber of shooting liere, wii^ howifir, to 
from shewing iUelf to the Breioer ohsenriiion* of the night 13 to 14 Nor, 
1333* In e mry rich tol fbootittg etais, e rerjr prectiaed otMvm* 
Kotwinkel, Wiw eltnoal ail the paths tele their depetittre from Iheoonstellidioii 
ef Leo end the eauthem peri of Lm Major » whilcu on the night of the DHh 
to the ^th of Noremher, when the number of shootiiig «tin we« hut ilttb 
intoto, oeljr four n# their pef^* procee<kd fmm Leo. Olhen (Sehnm. AtU* 
Ni«4rr, Ko. eto, irerjr e Igoitontijf « ** The petiii <m ihb night shewed 
imlhS:im^ of peiiltellem^ end no rofereneo to the imostelletion of Leo ; end, on 
If thb ehieto of perelkHim, they wrndd i^ppeer io belong in the 
eito tpofito not to Ihil of Noeemb*^ 

year ootild not indeed he i^mporod in hiilUaii^ to thoit 



mtmi dial 

Pi 4^.^Sttigey« p. 151 ; md (mBroMm^A^etormiaaitoii of t{ie poiiit» 
of convowrtco/" 4iatn«trt€ally <# mdlatioa or der 

pjurlliio/^fg^, p. 1^5*^ 

(^) p. 42$. — !I«iX Period. Stemsclui. S. 6. (Compare Arittot. Problem. 
mu t3 ; Seaw^ft. Nat Q^iaeitt. lib* i. 14 j “ ventom aigtiificat aUdlarum dt»* 
ofUteotium lap^Ms» ei quidetii tb m parte qua erumpit.*') I myeelf long 
believed (aod partieulariy wluie l ira« atayiiig at MametUea^ at ibp time of the 
Prettob exposition to Birypt) ia the itUlaenoe of wiad oa the dtreciioo of 
ahootlttg 

(^) p. -~Ko»iiios, BJ. I. S. 395 ; Engl. edit. p. ixi. 

429,-— I am indebtetl for ail tbe part of the text to vrbteb mark* of 
qaotattou are appendt^, to the kind cammauica! ioiif of Herr Julius Sebmidi, 
A Spinet to the Ajlronomi<ml Ob»er?atorf at Botui. Oa bis earlier mreeiti^* 
tibH< iV<wrei 1H42 to 1$44. iiee Saigey, p* 159. 

p. 431.— Pet I aaw myself, lathe Pacidc N. lat.),a conatderalde 
fall of i^boi^ting »lar!i on tbe Ifith of Marcli, l$03. Tvro atreama of meteors 
vmre al«i ^tsn in the moufi) of Mareh, in Cbiiia, 0S7 years before oar era. 
(Koainoft, B<1. i. S. 133 ; Kngl. edit. p. US.) 

Op- 413, — A ftU <»f nbooting quite similar to that of 1836. October 
21, Old Style, of which theyonager Bogndawaki found tbe account in Beneue 
de ffoiHmr Cbrom<»*nj Prsgenais (Koshka, Bd. u S. 183 ; Engl. od. 

p. 1!8), i# dmfitrwi tu 4 discursive toiiifier in tbo celcbratod bistoncal work 
of Bttswric Nnacx do 1.x io {(,3»fouicii’^i dm Reis dc Portugal reformadas. Parte 
i. Idib. 1600. fol, 1^7). Uni is there iraxvsfvrred to the night CroTu the 22d to 
the 23d of October. Were two ^ira^uis soeu on d^Screat nighu in Bobemia 
and on tbe Tugua, o.* may wc uot ratber suppose that one of tbe two ebroni* 
clers #a» in error by a day 9 Tbe foUowiog ore the words of the Portagacie 
biatofriiiii Vindo o mm de 1366 frciido mdwios xxit diaa do met de 
Oedubro^ ires moM» antes do faUecimettla del Hei D. Pedro (de Portagai), so 
f«* no eeo hnxt; i^ioKumniv do cstfcllas, q\ud os bomics nia virao ncni 
ourirao. K fat que mca aoile por diaato correrio todalaa streUas do 
Leeanie para o Poncuie. « aeabadode scrciu juntas cotuc^arao a correr Eumaa 
{>ara bitma pane « oatra^ para outre. K despois deacerao do oeo tanuis e tain 
qua tauto que forJo baxas no ar, parueilo graudes fognetras^ e qua o 
ceo a o ar e quo a mesma terra queda aider. O eoo parecia paxtido 

em mnito Os que isto viim, honverao lam grande toedo e paff^t 

slaflo eomo ftiouUo#^ e euidavlo todos de «cr iaortoi^ e qiie eim tiudi a bik 
do iiiijuiido.^ 

t*®) ^ 433.— Still closer coiocidemcct Ixt qpmxit of time might bare been 



fit«4 if fdir 9ic*mpK oiiier?«d 

V/ K^4««* So»* i hy lUmr-l, oii tb« S^r^»H 

Momty l^k3U IB— IS Nov. ; j|tt4 hf^u^ntM^ ISSB, Nor. 

IB— 13. (Kokuioi, M* i % 1BB« 1^1* P« ii'i* Schunnketirir’ii 
Aslr. Nafiltf . No. SOS. S. Tk« gr«il l^iuBiiamo&oo of the lUii tua 

IStlt November, Brnribed hy Bonpkiia o»d myteU (Voyage mxjg, M- 
giotii tirrc w. elu|>, 10, 1\ it. |>. 34— 5S, dd. ia-Svo.), la^lea 

frooi B b. lo4 h. am. Throughoui our eoiire jonroey thrmi^b the hife^t 
regWu of the Oruiocw, »ttd a» for $ooth o» the Rio Negro, we found that this 
eitraordioary faU of aieteors had been seen by the «ii<»io«aries»» aud ia tr^jiio 
rm^ had been noted io their eeeiesinaticftl rreord*. It Hai al«a liceti sci:?i 
tod had e^tmil^hed ilw Esgutmitut itt Lohmdor and in Greetdaud, aa fnr 
liehteiian and Near Hcrmhttt* la laiitnde 04® 14'* Thia t>baeao«^e+wc*tt, widch 
mm Vtiihle m Ao^rma at the i&me tiioe at the equator and near the polar 
eifvlft, mm in Europe by the Minister Seising, at lilefatedt, near 

Wiitiair* The ivnodidty of the stream of St, Lawreoee (IChh of Aogut*) 
did not draw atteotion an til mueh iatt*/ than the November plueoo. 

menoo. I have colkctcd with care all the acrounU with which I am 
i|itatiitcd» of accaratcly ob^erred and eotiaidmbt ' falU of tucteora of the U^th 
lo the 13th of N ivemhet* up to IB Id. I Stid Bfteen tneh (aMtj—ia I 
IBIS, LH2B. laSl* IbSB* 1833, 1S34* 1833, ISSd, IB37, 1833, IbSU, 
1341, and IStd, All which diSer more ihan a day or two— ae Nov. 10, 
1787* and Nov. 8, ISIS— are eaelndi^. Tbit degree of perif^dkity, almost 
In a day, i» the more aarpriaing, beeamte bodm of anch amali mtm 
•o eavily liable to ptrtorha(k>i», and the hresdib of the ring in which thii 
Mteoia are iiwagiisad to h^ incltided may oompriiie aeveral days of the Earth i 
come tn iU orbit. The bnlliant Koeember sirennui hava been thoee of 
17BB, 1831, 1833, and 1S34. (Where, in my deaeriptioii of the awleont of 
itlKl,, It ia naid that a ball of Bre bad a dkweUr of V or 1 U fthould have 
heae— I or t| diamcimof (he Mooo^j l*hif i« the place for mentiiming 
iieo the ball of fire wbicb aU/ected the ipccbl attcnlion of Mooaknr Petit, 
of the ka^PcmmM Obmt%ti$ry of Tonlonee, and of whMi he has 
e^fcited the ftrdteilon m Earth* rmlua, B .4oht IM7 ; 

and Schttm. Aitr. Nachr. No. 701, S* 71.) 

f. iSt.— PofUcr* Mdnwdi* enr to Roitca fil^ee^ 

m rnim ; wi, 

p. tc^rbneh d«r Mcteorid^ Bd* iti & B77. 

ft. fcB of eactdUce of the haiihf ef 



■derail' ^ 

bwjtt dcwribod Mitk greit 0feikif5ii/^i t^^ in tew rbeio- 

ti^l « mnmmf ntid wiib » gmtt • €l<feii;i^ hy Pelrn* 

Martyr, of Aaghierft (Ojm« Amat IdTO, No, emrhv. pag. 

Tbo fall of ftonet ^ imuidltatcty prmi^inl hy att alruost toiul 
ohi«?ttr*ii»ott <»l the Still at iiooo, on thkC 4lli «f S^ember, 1511, Fai»ae«t, 

immrii^itim in €rem«fl«t pbga foifttio vifiito. Pavo vm« io 
pyriinMem ooiiaerti, odi'oquc ab ooridenU* in oHenirm ra|iiin enn^u, ut 
to bora* momento in^gnAin hcittisphitpri partem, dtK^orunj iH^peHaniiom *en. 
taitiii, jpi?rvo!a!&»€ ertdAt^if. Ki noliium iJlico <lert^itat€ tenebraii femut 
snrretiiiM', qniiie* viveiitiom nuUna unquam sc cognov^^Mfcc fatealor. Pet earn 
aoi-tia fiupiein, eiim Mguribus, inatidUa t(Ofitrua regioiiem drcuni* 

ifepfittunt /* The temporary illuminations wi re so iiittm&e as to enable tlie 
iahabHanta round Bergamo to see the whole plain of Cnma during the dark* 
ueas which otherwise prevailed, ** Ex horreriiJo Hio fragf re quid irata natura 
In earn regiooem pejiererit, |Mrretittetabcris. Saxa demisit in (Vemcn^i pUmtie 
(ohv mvlhH u<jq<iam trqaiiii* ovum lapis vi»u» fult) imineijsie inaguitudmby 
jjondttrU lK?crm reperta cfiitritihrrdia sax ii ff runt.’'* Birds, 

#hf*ep, mid even fish, were kiilrd, Atnong nl! these we can .still 

reco/nise that the mrieoric fhmd from whieb the » io:! must Uayc In^-a 
of ttUeiiinmoa blackntss and density. The “ Pavo'' was doubilojii a ol 
fire with a train or tail both wide aud long. The tromeiHh^us noi*^ irtwaiug 
from the meteoric doud is here <kscril>ed as the thunder accompany ij?g the 
Kghtmngis (?). Anghicra received himiw lf, in Sj^in, a fragment ihe >Ixe of a 
matiS fiM (ex finistU di*u"Upt onim morom), and shewed it to li.e King, Fcr- 
dfuand of Armgnii^ in the presence of the cekbrated warrior, Gonwlo dfc 
Cordova, HU Htcr conchidea with the words ** mira snpt r his-ce prodlgiia 
ebnserlpta ISittMlee, phytire, Ihctdogicv ad nm sunt cx Italia. Quid 

poiteudant, quomodoqne gignanttir, tihi utraque servo, si aliquando ad xm 
vcocria’’ (writtOu ln>m Burjgo# to Pa^ardu*}. C'ardanui^, sj^cuKiug still more 
predaely (Opera, ed. LugM. IfidS, T, iii. lib. xv. rap. p. 571^1. states that 
there fi*!! 1200 aeitditea, and that among them was one wclgi.ing 1£0 pound*, 
very and of a bhurknm like that of iron. He rW «<>> ihat the noke 
U»ted two hours t "'• at mtrum tit, tantam imdem in acre susthieri poiaUae.” 
He takes the ball of fire with a tail or train for a comet, and make* the mii* 
take of a yenr ill the dak of the phaeaomenon : ’* Viiimujv anno IMO. 
€i»rdaaa* between otwe and ten year* old when it ocrurml. 

p. iS9.«--Recettily, k the fall of aerolites at Bi^unau (duly 14, \H1% 
the maise* of iloife Which fell wem, six hours afterwards, 4 ill m hot that 



iJiigr wiW m»l be teiwfbdt,|^tb^t burweg Ihe btei, t have already i^ted« 

la wf km cenifm (t, fimwtifd by the Scytbiaa 

»yth of ** fht wrrea lo % fall Taigitao filioa foi»»e tm, 

ieipoxaio et Arp<»ta»t, nujaimam^ae gatu Coliiaio. liia regnanlibaa de 
eqjb flel«{>#a aojrea iiw^nimeiita, efalram et jugom et btjjeimvm phm2am» 
^i<2i«$e 5u H^^ythicAin ierram. Kt iUomm tiatn nmiimum, qui pnmu* coa- 
i{iei£l» 9 et, ae<^eotem copew Uta volnific; wsd* eo acet^nie aarum 

araiaie, Qai> liigreiSio* aei?*s«sibae ttltmioi, et iliiJetn anjUi>i> atmim, lloi 
igttur ardriis aamtn refwuliA^?M? ; %ero oata minimo, ftuaac CTftitie* 

Ut]ii« hnnoque Ulu^l itomum attain eoaiiilisac : qita re inMlcrU, fratrc* luajorc* 
all^o Qoirer^iim regnom miutmo oafn (llertHiot. iv. 5 and 7, 

aceoroiag to lb<* vtrukm of S^iiWi'uhauMJf) . But piThapf the myth of the 
wMm! gokl may be otily an Hbuogniphii''al mylh» coiitfuniitg on alluMon *o 
three king’* aneeiiiort or foittKkw of three tribee ivf SeyBiiana (?;, 
iMi^ to Ihe pre-emmettce atUiaci) by the. tribe of the iri>a»|te»l aoo, or that of 
tbe ParaUlt (^) (BraniJMater, S^^Hbtea, Ac atirea rsiterva, IJIST* p. <29 

(3^) p. til.— Of mrtaU. there have been AiuwereA in meteoric alowM,— 
okkel by lionmnl, o<iba2t by Stromerer, oopj»er a«4 ebrome by Laugieri and 
tin by Berreliwi^ 

(^> p. 412, — Kammeisberg, in PoggenAortT* Antiftleni Hd. Uiriv* IS49, S, 
442. 

P* 445.— She pant in Siiliman'» A merirao Journal of and 

Artt, 2d srriea* Vof. li. IS46, p. S77 i lUmineUberg. In Poggeud, Ann. Bd. 
IjEini S. 5S'5. 

p. 445. — Compare Ko»moa» Bd. 5. S. 155 ; Bog), edit. p. 190 
p 4id.— ^'iticbTift dft dfOtictei jieolog. Ocfellidittl, Hd/i S. 2S2, 
AB th«w part* in the kit, bctwwMi p. 442 and p. 445. ahkb are dtalinguithed 
Igr mark# of ^uotatkm, are taken from Profeiaor Bammclaberg't manoseripti 
nCMay IS5L 
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p. »mt d.— civi, (Noiif* 670 —709). Opinion* of the ac- 

<rienU conei^roin^, p. 4^0—405 *imI cli. (Vote 6^3—684). Perio»ii-4kl tatUf 
*t«*l of, p. 405— 433. jiIjovc* th« KJi!fl!i, p. 453—434. 

Velocity of^ p. 414. Cohiurii* combnition, anti train* of, p. 456 ~45^. l^ei^cnp- 
tlon of partk'otar fall* tff, 43S — 140. Chemical tiiii minf ratoj^ical ctomi>o*itloti 
of, p. 441 — 446. 

Mitwr,f Orttk view4 of an, p, 33—35 itwl *. (Note* 61—63.) 

Ar^oltmier, Table of vmriabie *tar* aotl re!«5irk!i by, p. 161 — 171. 

Amtolle, on the onier ami ^ovcrument of the Cfiivt^ae, p. 13— I >. On Comet*, 
p, eaU*.— caivu 

Aistfrohla, aee ** *mall plandC* nobler ** planet**’ and “ aerolite*.” 

A»ti^miay, p. 37— 35» and ii.— xrii. (Note* 49— 4i9>. ClaasiOcalion of fubjoci* 
lit, p* 39, <>f ttocultwated natton*, p. toti— 103. <>f the GreeWa, p. 109—105. 

Atmosphere, limit of the Earth*#, p. 43, liecree of transparency of the, and it* 
infioence on the U^ht of atara, p. 66— ST and x\x. (Note 135.) 

Biela'a romd, t>l-paitltidii of, p. 105—407. 

Bode** Uar of the relaiire distance* of planet* from the nun ; o««:ht to be catted 
litHn iu tnie proponmlcr Tltin* ; doe* not Ikdd jrood ihrou^hont our plane- 
tary ayatem, p. S}9»-392 and cxix.— <aai. (Note* $ 33 — 535 ), 

Calendir, E^t^ptian, p. lix. Note 217, Mexican, cxxii. (Note 534). 

CaUJocnea, or tahh** of atara, p, 93—98. 

Catalwte of partial atar-eluatera, p. 12»— 123. i>f new atari, p. 137— U?. 
Of variable alarm, p, 161—171. 

Catalorwe of itara, p. 99—98 and xlia.— lit, (Note* 177 and 1^ - IS7.> 

Central aun, or centre of <rrarl«y of the a hole aidereal heaven*, p. 193*— 198 and 
Ixxii. and ixadi. (Note* 327 amt 338). 

f'ltineae notkeaof new or temporary ataratp. 138, 139, U2, Ofoomela,p. 398^100. 

rUiaflkation, of auhjecta in Astrovfnoay^ p, 29 . Of heavenly bodies itt the aoJar 
doma^L p. 284^263. 

Cloater* of itara, p. It9<*^l24, Kiii,— Ixir. (Note* 241 and 251). tn 

Andmineda"* a ** atar-cloaier p. 2l9~ 220. 

Coahaacka. p. 2$7 and acli. (Notoa 45« and 459). 



cMii liittEX. 

Cometiiv |>. 64^*-07»)/ Albrat«rjr moitoD of 

eiRiiJkak of; p. xHl (Not^ of wUlt tlio occopalion of 

y*jM pv 997. Chi»e*e ««<< Mexican of, p* 998--IOO. IliolA’s 

comet aceti to tlivide itifo two, p* 'l09~-407 *»hI eiUH. iN'otf « *04 070,) 

lotodor, p. 409^110. Table of infortOr, p. 4t0. Chroooloitni' •f br^Ut, p. 
cxbi. aotl rxliH.—exln. (Vote* fltO and fiSO-) 

C^aitellMt«>ujviotrodit<'iion of, p. lOl — lOiand Uii* (Note 197.) The coottclia- 
Iloo of ttso «oathern troax, atwl »cai‘c)i after a MnitUero t>oi« atar ami lOutbcni 
Wain, Uxxdi.— Ixxilr, (\\>te %01.) 
i>ai»ometor, p. axxix. 

Co'atai ephera, tee .'tplier©/' and p, tie.^lvL (Notca 300 tod 302.) 

Deacartea, “Tniit^ i!u Mcmde/^ p, 19-35. 
fhmbte itara, ace Stars. 

Earth, nnmeHcal «tata relatini; to the, aa a planet, p. 55t. loAttCOfc of the inett- 
nation of it* axi* of rotation on climate, p. 337 -*331. 

EcUptic, increase or decrease of it* oblt^aity rcairklinl within narrow Uvaita, 
p 335-^5^^ and exxii. (Note 534.) 

EJertricity, U* nsdatioo with Hifht* heat, and mfuenetiftm, p. S5- 
Eoche** rortvel, it* periwl of duiu^ialH'^l t>) a rraiatiiig medhtm^ 

p. 40—41 and xiii, (Note F»3 ) ih^ riptton of, p. cxlrli. (Noie (5*^7.) 

Ethet, *€« >Etbrr,** and p. 34 -33, 34, 39—41, xiii.-*xj%. (Notes (43 Shil 4Ck> 
Eiymo^oary of the term* mjfmfyttig fixe*! aiara, p. 3h. df epithets apidiad to an 
JSfher, p, 33—33 and a. iH oame* of *tan», p. U. - Jxi- (Note* 319 and 319 ) 
Of nam^s and lerm* afH*^k4 to iiiffi ttut p^aoct.^ am* tc> the daya of the week, 
cvb- cxir . ( Note* 554 — S 19 # 

Komtmia, recent diiM^overy arof e'ement* of, p* #34, 

Editor^* mdc, teireanriat masnetoim, p. M. 

Eire.*Mitls, p. 43S— 4>», 

r<«*ctuau<m of aura, p. 35—54 and xxit— xxjti, (Note* US— lU, and - 

Oahtay, *ce SIdkjr Way, 

Oenctid remark* on the biratmrnt of the p. 9— It. 

Grcaka, view* of the Coami^s or of Xainre, by the difTcrrm achoola Of f^thwophy 
•monjp the, p. U -d4. 

|rira^ti«f.(oo-, phenotneifi* of, p. .359 and cxxix. (Xoie* 37« and 579d 
iapHer, p* 375 STS and cxjtxe,— cxaveK («f,*«« •« SaielUltw/^ 

p. 377— 379 and ctaav*, (Note 617 .) 

Ee|dee, hi* early t nw reapecimf attraction, hhi i»a()*#m4itlcal iieolps^ Ash, P* 

49 and e.'-ad. HI# law#/* p. 4^h-*5K 

prmise^^ anttreea, rcfrmTire prnpeftle*, p. 55. Wtdias 

bm'^a line*, p. 43. Opthrai meaiia of dialfiifnttbing^ dtrret ff5» reAeched 
birhl, tMt astmnomfr* p. 4ih— 47 aad aei ^TiTih 

(NdleaSK- tm and di.-«eifh (Note m> Velocity nf, and dlilrfiawsflh 

wf erinefty aeewrtlinf to th# iwwte# tlm, p. 4«, 73-T7, ^dnjorft. 

rhl#aih 7i-74i 

li^aliiar, 74^77. lEflNy a<iiif»ltrvhtii# |ilae^ 
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p. 30 and <NoU4 104—105,) IntaotUy of, of aUns, Pho^ 

tomHry** anO *‘j?cuit'!Uafioo i)f the ^*0% of iU centra, of iu e<!|^«4^ «i*d 
of it* «|k}t4, p. XXX vii, (Note 10*1^ 2iMS— 3hd Wli'iH*— eU% 

Dliiiinuttont oroharuralion* of the, of tlio Sari recorded by- «»ttaili*t*, p. 5WWi 
«-a85 Aitcl xrviii.—i'i?. (Note 4«l*) t?tf<rnif!h of the iSun’ii, on the direct 
33? - Z^>di cal, mee “ Zodiacal,^^ 

MftfeUtnlo clouri*, p, 2i9 2J(i, 244- 2:14, and xci. (Note 445») 

HngtittiMin, it* rtl xun\ with luht, hem, aud eie^Mricity ; lutd whether terrextri*! 
majswetjxm i* r.>une(i<Hl wtlU to annual }>eiio(l, p. 35— 3d, mu! 289—220- 
ParauiaK'i.t^tic |»ro|-U'rt.e« of oiyj^en, p. 2h9 • <#0. 

Mapi, aUr, p, 9^-99. 

Mar*, » Uiplieity of, at compsrctl wiih iu ficriod of raiNtion, p, 310. Special 
liotice of, 349— 331. Vaiiatiori of lu NUfl'acc ^ith change of aeaaoft, 
p, 370-3TI. 

Xlercnry, p, 344-.344 and cixiv.-cxxr. (Notes 5:»5 an<l 55C,) 

Meteor*, are ** Aen;»tit< s'” atol ** FirohalJ?*.” 

.Micrometer*, liijd othe r jncAsunug iustrumentfi, first uitrixluctjon of, p. 4i, 59, 
«3, ati*l iiv. \Nolei., 91- 92.5 

Miih!joa^e», views of n dJiiMl phihm»i*hy in ihi*, p. IC— 17. 

Milky May, p. 124-“ HI, .\trii. (Note St J, -Uvt. »; Notes *245 > 

Mooii, p, 351 — 3<iS and cxxvi - rsxxisi. Numoyical data, p. 351 - 352. lUdertetl 
isfdat U^ht from,i>. 352 - 3.i3. R^flei ti'd heat from, p. 353—354. Earth- 
tight dl the, p. 354 --353. Kciip.'-cs of the, p, 3»3— 357, ((ccultatiou Of atirt 
hy Ihe, p. 357—3SJ4. (‘hnrtu trr of surface and motirdam?, &c. of the, 359 
—367. .^h^cnct’ of water, and coiuvrHtjueiKe^ lherev>f, p, 347— EflTixrti of 
the, on rlie Earth, p. 3‘s. ' 

3ioUon, of fisod stars, j>. n8-'ls.*». Of smjwt systemi P 193— 

5Su*rc of tin? aphws P* 3U -317, ami v\\. (Sole 5U.) 

.Nebula i» p. 2i^l - 222 ; 249-" 343. In Vmlromctla, p. 12*2—123,219—222, 

; and Ixxxr. (Note lOi.) Around t». 243-244. lii SagitUno*. |». 244. 

fuCygiittJ^, p. 244. In V«lpt%s p. 244. J^piral nebula in Cania 5>nat(cii«, 
p. 245-246. 

NebuUe, p. 215—25:^. and laxyni. — xci». t Notes 35A— 4,v:».> Whether all areivttitvte 
and very dmae Ciuslers oi stars f p. 2t5 '21*1, and Ixxx. Ixxw. {'Norei^ 3^ and 
3IKI.)*Hi»U>ncaJ account of mir Knowkslgc of, 217- *22(h and hvxxiii.— Ivxw * 
(Note 49IJ .Marnss, and tialilco o»i, p. 219— 22t. Huvireti*, Halley, 

lACXillc, and Stv^m-r on. p. 221 — /.m, ami 22i. WiUiam aud 
Hemckel on, p. 224—225. 1 he Earl of on, p. 225 — 2‘3r». Nwtnber. pc<t- 
tloi)*, and 4^^ p 229—233, and Uxxai. Kwiih ( Ntdca 592, 393, atnl 

J®8.) Syttjnictriral bmna t»f.— round, annular, spiral, 8ic. p. 233— 2A<^; amor- 
pboua or irrcjcwilas P* 358- 243, and ^*6. 

Kubhkr Iiy|H>the«i», p. 217, 226- 229. Kaot wsd Lambert oil, p. 2»* 

Keplttttc, p. 390-392. Note rttpertiug dtwrovery of, \k cxxjtix* Satebtiea of, p 
W-39X 
4d«r«, aee Star*. 

Nfwian, doidme of gmritaUoo, p. ai— ilS, and rii,— viU. (Notet 40—43.) 

Phraliax of «tafa> p. 1t!(5— tsi, Mi^diovl <»f determminic the parallax of doMble 
afarji, p. 191- 192, aud 454. Of (»i Cyicm* p. Ixxti. (Noie* 308-3io.i 
rbo^aittryj p, httd xxxvi -xxxjx. (Notea 130-105^ *od . 



clx ximix. 

/obn U#r«K;bel^i p* 

.sit— KlV. 

view of p* «nil civ*— extUt SpcdiU notice oi; p. 

S4l^ »n\l cxxiv.— cliu. Vtcw« of the eoctvttU r««pcctinf the, p« 9^— 

301* epithet*, rceo^ifc*! ittimUer of the* and diiy» of the wttk »ntl 

hooi» cxsoneetiKi with then^ Uoth in antifiaUy tnd nlfo amonir the 
nod other ontitm*, p. eYK—exv. tNotee ni»<l 3iO«5*) Xwnlxtr ond epdeht of 
ditcotert of, p. 397 -301- Table of date* of diiwxsvery, p, 303— SOI. IHitribn. 
rioo iototno ifroojH, p, s^H-309* Maarnitode* «ud ftjcure, p. aoo— SI3. Di»- 
t«oce« from the p. 313-333. ftejjleT cm the intm at* Mween the, p. 
3t7— 31% aod ctvi. tXote 3104 i^-ealM ** Uw of Ihvie,” of the dMaiicee of 
tijc, p. 310— ami c%ijL-^c%x\. tXole* 533— 523.) M»a*e» of the, p, 333— 
333. of the, 333—331. IVrioia of reroltition and rotation of the. p. 

334 — 3RSS. Ific li nation of the orbit* of the, and their axee of rotation, p. 930-' 
333. ExceHtfH'itj of the orbits of the, p. 311— 337. Stren^h of Sun^il b'ifht 
on the ditferent, p. 337—338. Oremp of aniall, p. 3fl«, 304. SOS, 900,311, 133, 
338, 33p. Special notke of tin? irrmip of p. 371— 375, pud cxxxiv.— 

cxsxv, iN’otra <503—011.) Table of ekuients of, p. 373. Addition to this 
jjfroupofthc itvnriji diiscovefed small planet Eunomm, p. #5A. 

IPUnefary sx-iteni, ekmejds of stebiltt): in, p. nT-453 i and <e«eeaU>% see •* SoLii 
l>omain4^ 

rtato, hi.^ view* of the Ccwmios, p, 13 ; of the hammtjy nc^^mtisie of the ephcr*4, 
p. 3tS. 

I^i 9 rt«ati^ of lifhl, p. I<5 — 17, xvi.-avii. 993 ~W end rii.— cdi. Aligo on, p. 
, ciL— < 01 . <Note 4^<5.> 

IVooeienef, §^i»pp^m%i existence of, p. SIS— 3ip, and cavH — ctU. fKote 593.) 
l^thaforean vkw of the 13— tl; and of the mnaleof the p. 

315—317. 

Ray*, appamd, of the #tara> p. 30, top— 1 1 1 . 

Kelroipective at the two 6r.-ii voinmea of Coaimw, p. 3— R. 

><nieill<e«, areiwtiwjf, p. sis— SiS. The Earth's, aee Moan. iH Jft|ii4er, p . S7*>- 
9|f|. firar.nptkis of them by CiaU * and arcmml of their setrti by thc' 

iilltrd eye, p x xx. t05*> Of :tot«n>, jv Of Ursoibi, p. 

39b- S^»n l457. Of Neptnite. p. 9P5I-W. 

p- 3St— 3»5, «wt cxotYn*— rtxxviii. IkHa, p. 3Sk— 983. Rinf, p. 389- 
389. JBstcrttirk fmwitton, p. SiH. ISfid«tiite«, p. 399—397* 

pbianomeaa of, p. 94 —71. ArsMto ott, p. xivit.— xxlx. CXolC 1^4 
0«fcrcin on Uie ahneoce of, in the aky of Arabia, p. *.xx. (K^te IBS.) 

IHriav viMO^^e of cohsor iit, p. U3— IH, and 453, lii>-4si. (Kota 318.) 
Ugki of, p. H* OooiU^jattoot of the acnalierik hemisphere p. U9— U7« sod 
Ud* tVote 230.) 

;8<i3ar tlomalfi, iricvr of, p. asfh-didh, amt 359— #33- OMiftcithm of hodici 

iMdmitNiR lo, |b KtemimHof idaidlit^ 

t^lar afidem# ftaomtion, p' tSl, and 133—139, 

eoanalcal, p. 30-43, ia.— xi v. irniy poitlofia of it 3i< Tetn- 

iwmtttre o4^ p. 99-9% ad«— idmited 
33— {Note 7%) Raa^ttoyf medmio Iti, p. #0—41, alii,— liv. (Jfoiea 
'73— as.-) ^ ■ 

ahd Mtwk: of tbt spharea, p. 

S)V’^3t7, ai^ ttxv. f Note 5114 



IK0»X* 


$t«rir not reiUly p. 37. Et^'motofy of Gmk tod Latin tarma for, p. 
9Bt I00^l07> ix. ( Koto 53. ) Their dtatanc<» and mnltittide, p. 31 -^33. Eadi*- 
tion of heat from, p. 37« and xiL (Nolea 7i and 73.) Factitiona diameters and 
rayaaf# p. 50, icn^m, and xxi. (XotelOC.) SparklinjitDr scIntiHation of, p, 07 
--'71* and xxvii.-*xxx. <Kotc« ]39— 136) ♦, see “ Sci nil Hatton/' Rare phs&nome* 
non of ai>parent fluctwatioii of* p. 55-56, xxU.— xxitL (Kotea U3 and IH), and 
453* Ma^iades of* p* 73~ 05 , ifD, and photometric table of ditto, p. xl.— Hr, 
Lijfht of* see ** rbotometry,” Number of, %'i«lbte to the tinaaststed eye, and 
number of, entensl in wajpa or caUiogTit^s* p. S3— 100, and x!vi.— iii. (Notes 
I70—I33. Maj.s of, 03-03. Ctttaiojfoe* of, pO— 96, xlix and It.— lii. (Note* 
177 and bH— 137.) At»prt>\imate cattinatiott of entire number of, visible with 
oar present teleaeoiK'S, p. 03-100. 0)lour of, 111—115, Iriit— lix. (Notes 
3)5 and 316/, p, 308— 3U, and Ixxvi.— UvM. (Notes 347—353.) Distiibatlouof, 
p. US— 1)3, and 130— 131. Proper motion of, p. 178 — 185. Parallax of, p. 

185—132, and ixxi.—lxxil. (Notes 368—310), and see “ParaUax." Star* 
clusters, p. 110—124, and see “Clusier*.^’ New or newly appeared, p. 01, 
13Sh— 153, and Uvl.— Ixtiii. (Notes 367—273.) Vanished and temporary, p. 
153 . Supposed dark, p. I'iO— 185, ami Uxw (Note 305.) Double or multiple, 
p. 100—214, and Ixxlv,— Ixxviii. Disibu-lkm In tween opticaJly and physically 
double, p. 100—300, and 306—207. K umber of doutde, p. 200—208- 5fotiuiis 
of ibmble, p- 206— 307. Distribotlon of double, p. 207— 208. Differeivces of 
colour of double, p. 2£)8-2U. and l.vxvi.— Uxvii. (Notes S43 • 343 ) Calcu- 
latecl elements, ortms, and |>enods of s<»v«ral double, p. 211 — 214, and 454 — 
455 . tables of ditto, p. 314 and 455 . Earlit^l recogniilon of a double atar 
(aCructSb |K Ixxsv. (Note 401.) 

)$uti, tlie* as a central lK«ly, p. 207—295, and xcui.— civ. (Notes 463— 492.) Nu- 
merical dsu, p. 20a- 271. fhijwription of it 4 eff<?cu on the Earth, p. 267— 
KS9. Passage from Sir J. llersclHl (^ii thil^me subiect. p xi. (Note 67.) 
Thernio-electric or majmehc eiTtH t?/ of, p, 289 -230. Nunierical data relatinjf 
to, p. 363 -371, and xebi. I'livsii'Al character of jts surface, envelopes, sputa, 
pctttttnbras, tftcube, p, 971—23.5, and xcia. xrvii. (Notes, 465— 48K) <Hj- 
«cuntt)on* <4 the, relatfnl by anitaUM^ts, p. 2?<2— 2'‘3,aivd xcEp.— cii. ( Note 481.) 
Experiments amt disetusums on the Hclit of the, at ililferw p%|ts <>f ihcditk, 
p* 1M13— 3S8. and di.— ciii. < Notes 482—485.) Total ecHpses of the, iiir 2714— 
266, 345-446* and c.\xiii.-*"Cxxir. (Notes 546— 548 J Proper tuotfon of, p- 181, 

Thldei* ciuaters of stars, p. 120—123. New stsrs, p. 138—147. Variable 

p, 161. Parallsxo/*. p. W. EkBient* of orbds of double stars, p.2U aDd 
455. rholoiiirtrir tatdes of stars, p. xHi.'-xlv, Obscurations of the Sun re* 
tordeii by anitabsU, p. xrviii,— di. Cbromdojtkal table of discoveries of 
planets and wiiellites, p, 332-334. Of elements of the stnaU plattels, p. 373. 
Of the interior comets, p. 4 la, 

T«lesco|iei^, p. 43—44 and 58—67, first invention of, and eo»»eu^<^*^t advsficaa in 
asimtioiflir. P* 3»d 58 -59. lastnameotal means of measurement applied 
h®, p. 43- 44, 63- -64, siul xi. (Notes 31 -32b Kdcct of, on the spurums*' or 
** fWititbma'' disk# or dianteiers of stars, p, 50 and txi. \ Note 106>. and on tki 
rialbmty of Stars in ibe daytime, p. 61-67; manuscript tUsacrtatlion by 
Araiy, p, xxt.— xxvii. (Note )28,> NlanmkTipi of Ara^fo on ibs ptienanietiaof 
•dniiHation of stars in* p. xxtii.-xxixaNotem,) Minutcttcelaslialoliiocbi 
vMblo stUli war pmtnt* p. Ill and Irii. (Note 21 1.) Great lenftb of* p* Wh-42 



clxii INDtX, 

t Note 117.) Eortof ftOMO^tgreftt, «ocl reovilU ttiereof u r««pec(o 
oitr k»0virl«id|r0 of wtbuls^ p. d3«^6t» »»4 (Notoi )83 

md m.) 

Te 0 }prr«titre of usMiee, onil it« reUtioii to that of the Kart li» p. aiitl tiu 

— xtU. tNolea 7 1 -*77). How the, of the Earth iiiny have been or would be 
affected, if our :^uu were a xariable ator, p. 177; by the epou,d(ev of the 
^im'a dUh, p, 377--’27« and !5W ; by the present or a different ob}i<|iiity of the 
echptir, p. ; and by the cltange of {koaitiou of the line of the Aa|»dee, 

temperature of the Moon, p. 3Sd. Of 0>meU at their 

periheliou. p. *01 -*03. 

Tubca, tong, their empK»yittetit in aalronotnical obaemtion* befbre the invention 
of teteacopea, p< **—*5 and av.-jcvi, p. (Note ) 

Variable atara, p. 1*7. 152—177. and l«vilL— Its. (Notes 774—2*9). IVr^odically, 
p. 15$— 1 79 (Note* 135— a* I Table of. by Af^elamler, p. Ifil ; and com* 
mefitsthereon by theaame astronomer, p. I6$-*»7I- “ PertmU within peiiotU/* 
p. ISS—bSO. S*H harinjc any detemiinate perirHls. and more t*»pecittny 
^ Argils, p. 179-‘177. 51 ay our Sun have tieen a varialde star? p. 177. 

VcAui. rattying brijrhtm'aH of, p. 511. Numerical daU, s|>ot«, Arc. p. 5Pi -.551 
and . — vxx r i, ( Xote* 557— 5d0,> 

V esta, ma^uUttiie of, p. 309*^ 

A'-aibibry of distant ob/ecu, niwarkable instance of, p. 51—52. How affca'ii^i by 
the form of the object, and mioimuin re»pt»ile difflrtmce of li|f Id lK^tW(«u 
the ohjt^rt and the tiack groaud, p. 5»>— 55 and latter part of p. anvih 

Vialoo. eaturai and telet^roidc, p. 43—71. limits to ordinary vUuai power, p. 
47‘-’I9 ami -vviiu {N*>t> HXI4 EaSr»?»rdinify inttances, p. 49 and 
iN%)te lldi > fm|>erfev:tii>na of the visuat organs canaing the appearioee of 
** rays,** 3cc. p. SO, n,ltytii. and Ivi.— Ivii, (Xofea 1(H — t05«afid 

9a$>, and of bH titunis dUmeters of stars, p. 50— HO, and (Nole lt)6d Nalorat 
vision of atari, as affV^ tcd by the use of Ifmjf tntfes, p. 44— 15» 53, hik'- 
From tlae bottotn of deep raviitea or on high mountaina, p. 53— 5S and avii. 
Note* asironomy while limited to ** nalura) vitkm/* 

p. 57--'58- TWiytiHitn to telcs^-oidc, anVt astnmomical pithf*^ coiMWsioent 
thjpon, p. 3i*— 59, Telescopic, of stars in the dayfime, p. 65—67 and xaiv. 
0(®wr 197.> Arago, AIj?. on an effcef of telracopic, p. aav,— juttii. (Note 198,) 

t'ranolofy^ p. Divided under two heads, p. 96—97, 

Drawus^ p. ac»7— S8». Satelhteft of, and *57, 


XoSmk, p. 103— Hl5, Ui.— Ibb i Notes 11^—196.) 
SSodiaod %ht, p. *13— iia. 


END OF VOt. 1X1, 


wii.iN>.v a»p oofhvr. 37, *ai»jraa»T««aT, safowiifth^ wyttnoji. 
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SUMMARY OF THE CONTENTS 


SPkCUI. RRJ^t'LTS or OnSF.RVATION IN TliF DOHAIN OF COSMICAL rHJt- 
KOM:):NA.<*-l})troducUoti, p. 3 — 2:> ; aad Notes 1 — 40, p, i.— ir. 

Retrospective gtaoce on wbat has been presented in the preceding voltuncsi. 
Nainre eouaidcred under a twofold pnnl of view,— in the pu^e objectivity of 
eitemal phmnomciui, — and as rejected intemaiJy in the minds of men. A 
sifttMcfint arrangement of the order in which phienoraena are presented leads 
of Uftlf to a view of their causal connection. Completeness in the ennmera- 
tr of parlicnlfirs is not aimed at, and hmst of all in the daBciiptioa of the 
reives image of nature under the induenee of the creative power of ima<^ 
ginatioa. By the side of the actual external world there arises an ideal 
itmer world, fall of physical symbolicai myths, ditTcriug in different races and 
elimatea, but of which the traces continue for centuries, and often disturb the 
clear view of Nature In long tnbscqucnl generations. Original impossibility 
of oompletcncaa in the rceognilion of cosmical phscnomcna. Discovery of 
ampincal lawa, and search after causal connection between pbicnomena. De- 
ictiplion of the Universe, and Explanation of the raiverse. How in tha 
pmsent oRiating, we may discern traces of pst processes of formation Dif- 
fensnt phases of the explanaticm of the natnral world, and attempts at tuidet* 
sUnding the order of Natnre. Oldest fundamental mode of contemplaUon of 
the Xlellenia oaiional taind : physiological phantasies of the lonie school ; 
gurms of m tdentidc coutetuplatioo of Natnre. Two directions in which 
pUttations of Nature wm sought : by the asaumpUon of di^^rent malerhdi 
ptiaelpiea (^emmsts), and by proccem of rarefaction and <Ottdenii|i(9hi 

voL.ni. b 
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IV 



C^tirifngai moliitioo ^ theory ^ 

«ipl!]r of Mmore «tid of Harmonj. Comtueeiicemeot of a matVmatiiial tml« 
aaeoi of pbyi^eal pharttoinejiau Ofdcr aud go«orum«at of ibo U ni versa a» 
lireaeuted in lha writing of Ari»ioU«. ImpaHaiion i>f motioo roosideriNi aa 
Iba g;itiitikdwork of alt phmtotnetia ; the iomtencj of the Ariaioteiiao adbiool 
beieg l«»a drmted tonvaftb eonsidcmCiooa of diversidtiea of i^itbsianre. 
aatoral philosophy of thia school both ia iU fundaiDcatal idm and 

tn ita form, to the Mlidie Age*. Kofcr Ikcon ; the Mirror of Nature of 
Ticeutitts of tkauvftts : liber C>amogrrapbictui of Alhertut Magoue ; and the 
lioago Afuodi of Cardinal Pierre d'Ailly. Advancee in philosophy by Gior- 
dano Bruno and TeWio. RemarVabk description, by Copernicus, of gravita- 
tbo masa-idtraettan. First aticxni^ at a maibematteal aitpltraiton of the 
doeirtiie of gravitation by Kepler. Descartes' work on the Coemoa, or hia 
** Trmtd du Monde/’ a grand nnderialuDg ; bit fhigmenta only were 
published, and that long after his ikath. The Kmmotlieoros of Hnyuituft 
aawofthy of hts great maim. Ncwtfm and his l*hiU«opliia? Naturalis Prin- 
dpia Mathematira. Tcadeudes towanls the rcc%'nit ion of Natiirt as a w hole, 
la any solattou poasihie of the problem of reducing to a aiogk priiK^pk the 
whole doetrioe or compfeheosion of Nature^ the lawi of gravitation to 
the formative artiriturs in organic and animated bodiV# ^ What i# powdred 
d far from exhausting what is pertMjJvahk, The essential imposaibility of a 
pertoiy complete ciperimental kaowkdge of all uaturai faets rendm the 
problem of eiphtining the vamble io matter from the powers of matter an 
indetermiaate otse." 


A. UaajsotooKAL Po»no?f of the Physical Dracription of iba 
tmmse, p. 26-^457, aud ir.— ciri. Division into two 
parts, one of which treat* of or the hear en of 

the fixed stars, sod the other comprUc* out Soiat j%afeai . SI# — ^7 
Not«a w» 


* Mrv^^ (heaven of the fixed ulars), p. 27 — or p. 27 — 
N«4e% p. Jteti.. 

* ■ . 

Set^km epare, and cionjeHom reapectiog what 

appears to occupy the tntemta between the heavenly 
bodice , . . . • . . * * S0--42 

Ko^ . * . • , . . * 



eOOTEHTS. V 

Section H,-— Netuinl and ieleecopic vi«on, p, 4S-^67. Bern- 
tillation of »iar!i» p. 67-— 71. Velodty of liglit^ p. 71--- 
7S. PhotometHc icaidiR^ p, 7S — 85 . . . 4S— 85 

Note# , . * • . * * • xiv.— xIt. 

Seeilon III. — NntnWr, dUiribution. and coJoor of ibe Iked 
atai^ p.,86— *il8. Cluster# of »tar»» p. 119—123. 

Milky Way, p. 124—131 86—131 

Notes sl?i— k?i 

Section IV.— Newly appeared and vaabbed stars, p. 132^ — 

147. Variable stars, with recurring and measured pc« 
riods, p* 147—171* Vanatioaof light in eelestial bodies 
of which the penodieity has not yet been mresilgated, 

171—177 . 133—17? 

Nates iiTi.— kx. 


Section V,— Proper motion of (he fixed stars, p. 17S— 182. 
Problcmafic^ cxklence of dark bodies, p. 1S2 — 1S5. 

Farallax and measured distances of ffome of the fixed 
stars, p. 185 — 192. MoUun of the aolar system, p. 193 

— 19S, . . . 178—198 

Notes Ixx.— kxitr. 

Seclioti VI.— Doable or mnltiple stars ; their nnnih^ and dia- 
timees apaii^ and periods of resolution around a common 
eentiw of gvasiiy ....... 199 — 214 

Notes Uxiv.— Ixxriii. 

Section Til.— The nebnlie. Whether ail nebnlm are merely 
remote and very dense clusters of stars, p. 215^ — 246. 

The two MagdUnsc dmids in which nchulie and nnine* 
fooa elttstera of stsm are iTowded together, p. 246«-^2M. 
wTlie black patches or coal-aacka* ' of the sonihem cetes- 
iki hemiaphefe, 284—257 . • • . . 215— 95B 

Kolaa katiii— 
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fi S&ijtt Ikm^^ p* 2S9^*Hi46 ; <a * 

Kote% p. icii.— <lvi» j <Hr * . * 

S«(tKm I.— *11» Snu at a ctmtnl hoHj . 

Kotet . • * . , 


Saetiaa n.-^^Tbe PkiM^ .... 
Nolw . . . 

Q«omi coi»idenitTou of tbe plaaetarj 
irory, p. 2M— m. 

Kotef* p. dr. — exxiii. 


• Primafy Flaaeft 
Noten 
0 SakHitoi 
Not«a 


• ]Sf50*— *2511 
, adi. — ^xeai. 

♦ *67— «9$ 

. x«ir.— dv. 


. m^393. 
. dr,-— ciii. 


, 297— SSH 
. dr.— 

. 53S— 313 
. ciiiii. 


M. Spedal fidie« <if the srrertl Plttidft and Ihdr 
Saiellitej a* parU of the Solar Iloinun, p. 3ii — 393. 
Kotea. p. ciitiL— call. 


Sun 

. 


, $44—846 

Note* 
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tajtiii— «uiv* 

Mercttry 

. 

, 

♦ * $46— '846 

Notre ♦ 

- 

♦ 

, cadr.— eaxr. 

Venos 



• . $46— 351 

Note* 

• 

• 

, eaar.— oacvt* 

llwtJi . 
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. . 851 

The larih^i satellite the Moon 

. 851—868 

Notea 

• 

* • 

, cutrL— cxxxiii* 

Hart 

. 

* • 

. 869-871 

Notes 
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. cxx»iL--cxjL»r. 


The Smdl Pkneit J Bora, VIctom, Vetia* 
lri% Melui, llebe, FtrUwiwpe^ Adma, 
Efftm, Ireiie, Euiiottiiai Juno, Qm^ ^ 
IHd!iw^ and ttjgm * ► * • 

Kotea * , . ^ 
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. 875—878 

Notea 
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c£Ctr.*---*e3cu:rL 

StttdlitoA of Japiter 
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. S7^sa| 

Notea 
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. cxxxvit. 

Saturn . 



, 

, 8ai--S85 

Notes 



cxxxriL*^exaxvm« 

SatcUitea of Saturn 




. 3S^SS7 

Notes 



• 

. cxxxviii. 

Uranus . 




. 387— 8S8 

Notes 




cxxxriiL 

Satellites of rrauus 




. 3S8— 390 

Notes . 




. csxxviiL 

Keptnne 




. 390— S92 

Notea 




cxxxriit— cad. 

Siteliiies of Neptune 




• 59^893 

Notes . * 





Section IIL— Comiia . 




. 894—412 

Notes , . , . 




. cxli.— ci. 

Seekton IV. — King of Zodiacal Light 
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. 418—418 

Section V. — ^Fal^ng atars, halls of tire, and meteorie itoaea 4I9<-H146 

Notea . , 

• 
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* 

. d.— del. 

Oowduston ..... 

• 

* 

• 

• 447—453 

ejections and additiona 




. 458—457 
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JfefSfuin » • ♦■ « '» • • « cliyiti* 



vm oc^rxiiitii^ 


MOiUS DmiLED AiYSIS OF TUB DTFrBRKNT SFXmONS 
OF THB ASTRONOMICAL PORTIOX OF TUB COSMOS. 

a. A^rnmnmr. 

1. JSjfi4Ut,^C>nly Mfmte pwU of it iiccmiWe to mmutm- 

mtnti, SI. RcAktiug medio cde^Aiml air, co»mie»S <otW, 
|!. SS and x. Note# C0--6S. Radiation of heat from utara* 
p. ao4 lii. Notea Tempefatujro of 

p. 3 1 — and xii. — xiu. Nwsi 1 4— 77* Limited traiiaf^eacy ? 
p. 3^>~40, Regularlj dimiai#hed poiod of mololioo of 
Eneke'a fomel, p. -M) — il and aiii. Kota SS, Idmit of the 
idmoaphert ? p. 4S. 


H . 3df/#rdl Triescopie Kifcct of tnhoa, p. 44~45 and air. 

Note 94. Very difereut aourcea of *htw timilar relation* 
of refmeiioo, p* 45. IH&ttntnix in the eeloctty of light pro- 
ceeding from glowing solid bodiea and light of friction* 
alociricily, p. 4<>, J4 — 77, and rjtiir,— xxxv, Noi<» 

Foiitfon of Widli^ton** Ime*^ p. 4S. Opriod niinaiia of diaiiii* 
gnithing hetween direct and redeeied ItghL nod impottanen of 
theto mmm for phyaacat aaUoiiomj^ p- 40 and xrL Koto* 
9S— lot. Idmiu to tjfdinarjr njidi power, p- 47* Imper- 

fodion of the ii«o*2 organ, factitiooa dkmeU^ of 
p. 49—50 and xxi. Note* 104—106. InSianica of the 
form of objecU on the angle at which th^ can be teen ^ 

jEMWearily cd* a ^jfemcn of onc^tkih between iha btaaiity 
of l%hi in the ahjeet asid ila badkgmti^ p* urH.— Diitant 
of^allllfe^ in a pmiitifa or neipKiire manner, p« 49*r^55L On 
being *Mfc in the <iay4lme by the naked eye Afegp the 
bottom of weU« or min 

p, and uiL iNdt 1I4 A by Jha aid# of 



ix 

m ttronger one, p. xviit. Not« 104. App«jreiit ptt>- 

ooe«liag from $Ukrn, p, 50 4 b 4 109^1X1. On tbe vkibiHtjr of 
Jupiter** ftftieliiteft with the naked eye, p, 49 and »x. — jx* 
Note 105. Huctuation of fctar*, p. 55— 56, and 453, and ixii. 
Note 4X3. Commeneemeni of ieleacopic vuton« and iU appM« 
cation to mawsurement, p. 56 — 60 and 63. Refraetofa of great 
ki^Xi, p. 60 and xxiii. Note* 115 — I IS. Refiectora, p. 6 1—64 
and xxiif. — xtvv. Note* 119—123. Ohaervationa in the d»y* 
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•tara during daylight, p< 65 — 67 and xxiv. Note 127. Eipla- 
nation of the *parkiiDg, or fteintilktion, of star* and other 
heavenly bodies, p. 67—71 and xivii. — jis. Notes 129 — 136. 
Vdocily of light, p. 71 — 73 and xrx. — xxxv. Notes 187 — 149. 
Arrangement of stan according to their apparent magnitudea ; 
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and xx:ivi. Notes 156 — 166. Cyaaometer, p. xxxix. Pho* 
tometrie arraugeinent of the fixed stars, p. xl.— xlv. 

in. J)i4fnb4!tHm9^ atid Cohur of ih^ Fired SCan^CJnsterf 
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alfi,— Ui. Notes 170—190. Approximate eattouUiou hazarded 
* mpeeiin^ the number of stars which may be visible in the en- 
tire heavena with the present spsce-penetratiug telescopes, 
p. 99— ICK). Contemplative aslroguosy among rude nations^ 

p. 100 — ^102. Greek eelesliai sphere, p. 102 — 105 3£iiL— Uv* 
Notes 193—199. Crystal sphere, p. 106— lOS and Uv.— Ivi, 
Notes 900 — 203. Factitious diameten of the fixed stars as 
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111 and Ivit. Note 211, Bit3^|encea of oolo^io stars, an^ 
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• Xviii.—lxi. Notes 212—21$. Sirius (Sothis} p, 112— 114 and 
^ 21$. The four ** royal atars,** p* 115* Gra** 

dually aequired knowledge of the southern heav^as, p. 116— 
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i4ar gaiifiogft» p. 117 — 119. $Ur*c!tt»ier«;, p. 11^1X8. 

^ MSkj W«/* p. 124—131 aad Ixi?.— Ixvi, Notc% p, 243—233* 

tv. and fanisliHi Siarx.^Farin6f^ ^ars md Fa* 

riaiiami of I^^ht iu cetefttial boJie» of which the peHodteit^ hat 
aofe yet bcea inxesaia^ttoil. New star* withia the Iasi tiro 
ihoaeaad yean, p. 132—152 nad Ixvi.— Ixrii. Notes 267—273. 
Taaidieil start, p. 152. Feriodically vaiiable start, p. 133 
—154 ; Colour, p, 154 ; Nawber, p, 155 ; tohjcct to defiaite 
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nest; periods within jwriods, p. 156 — 160. — Argeloxider't 
table of eariable ijtar» and commentary, p. 161—171 and Ixriii. 
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(n Argtls, CnpcHa, and stftfi in the Great ai;d Little Boar)^ 
p. 171 — 176* Iktm^pertivc glance at changejs which may 

posribty have tahen place in the temperature of the surface of 
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Paraitaxfji ; astampimn of a fVedmf 

Body for thr tchoh Sidrf^a/ i/^rrrswr CJhanges modifying 
the ebartwrler of live eeksttal canopy, p. 17S— ISO. Quantity 
^ pfoprt motion, p. 1$0 — IH2. Evidence in fsvonr of the 
probehle exiilenee of noA'Inmiuoai bodies^ p* 132— 133, 
Fandlaxee and lamoirments vf the diMaxtees of some of the 
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toSh^-Sotiv, N 
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p. 199 — 2()0. Number of doable etiirji, p, 200-t208# tJu4- 
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hemispheres^ p. 230. S^jacca comparatively poor in nebuhe, 
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closicr) in Andronuxla, p, 122 — 123, 219—222, and Ixxxv. 
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and 458. 


i8. SotAS BoifAix. 

I. Tie ^ ojr a Cmiral Numerical 269—271 
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ftlntoipiiarf^ p. 891— 8tt5, v 
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A* Gmer^ (^mpi^raiiee mtmder^siiwfiM* 
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i. Number md epocbe of dmowy, p. 297—804, 
ptnnetoi^ 4ar» (4ey« of the week), and 
plftnetafy honr*, p. evi* — e^ir. Katea 505—506, 

8. Bbtritmtioa of 'the planeU Into tfio groupa, p, 
8C)t4-«,S09, 

3. Abiointe and apparent magnitodea and estemal 

dgnrt, p. 809—318. 

4. ArrsmgemeiU of the planela acentding to lli«ir 

dj^ance^ from the Sun j scKcalled law of Bode» 
or rather of 'Hlfnf; notice of an aneiexti: 
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ace hare not all been alwa>a rltthlev but that 
there were *o ai^ine cottotrka prc^lonar men* of 
** Froaekoca/’ 5re, ; p. S and ear. ^ 

exxj. Note* 310—526. 

5. Maaeim of the I'laoat^ p. $82^823. 

6. of the piaftf^ta, p, 32S--*884, 

7« Sidereal periods of ru'^volntiaii and fOtathm roond 
the alia, p. 324—386. 

$. IndiiMiikn of the planctar^r orbita and axea of 
rotalitm, indEicnee npem elimatef, p, 326—43$ 
mi cixiL Note 534. 
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plantie* 
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. Jbiir ruction to the ^ a* the ewhtiil bo4jr eC the ikoiar 
, doikiilji* 

p* 84(^-^34B, 

-ApotiJ, p. 3i8 — 851. 

J&ir/A— aamerical data*, p. 351* 

EarWi SatrilUe ; gives Jigbt and licai ; ashf-gror 
light, or earth-light on the moon; apoU; character of 
the moon^s surrace-^nioutilains and plains ; measttred 
c]e%'aiiotis ; prcvadiug circular Ifpc of formation ; cntm 
of devaiion without continticd phenomena of eraption ; 
ancient txarca of the reaction of the interior again’d^ the 
exterior or surfiie^ ; the absence of a fluid element^ and 
therefore of Sun* and Earth-tides and of currents, and 
the probable geoguoatica! cottsef|ue»cea> p. 351—308 
and exxvi*— cxxxiii. Notes S62— 596. 

Jf«nr— cilipticity, apf>ear3nce of surface altered by dkange 
of seasem, p. 369 — 371- 

Tke Smidl p. 371 — 375. 

— Time of rotation, spots, and belts, p. 875—373 ; 
Satellites of Jupiter, p. 379 — SSL 

Saium — Belts, rings, exrcntric position, p, 331—385; 
Satellites of Saturn, p. 385 — 387. 

Vrmv*^ p, 387 — 3S8; SatelUiea of Uranus, p. SSS— 300. 

— Discovery and clemewta, p, 890 — 303 and 
cxxtix,— exl. Note 640; Satellites of Neptuna, 
p* 302—393, 

111. Ctmsi* .'^With exceedingly smtdl maas occupy cnormoos apaea ; 
/ ^ extenial fbm ; periods of revolution ; bi«partirioa of a eomul ; 

elemmtta of the interior eoineU, p. 394 — 412» and eidi. to dL, 
Notes 645— 6784 
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tv. of iU reeog^ftiiii/ 

^ lttt«Tini<ieiioe (ar ^lanttl) iittd »)ttiiiii!« 

tq Iks mad« b^iweca wliiit bdimgi ip the cosmUsil 
lumlaofiui processes in the ring of the tcxUncal light And 

vrhni to vanAilons in the tmiiiipArcut^ of the Atmo«phefe.«^ 
ItniMurtnnce of a long seriet of correApcmdtng obaereAtioitA 
wiiliiii the tro^nes^ nt didWrent ekTAiions above the sea up to 
ten or twelve tbousaud feet.— Rc6eetc4 gU>w A» in eutisct.— • 
Coxniiftmofi, on the same night, with partieulnr piaa|#dl the 
Milk; Way. — Whether the ring of JioiUacn! laght coineideA 
firfiUl the plane of the $uii*s equator, p. >iHS--4lS. 

V, Bafi^ qf Krr, and MHeoric Most ancient 

ehronologteaHy iwoertaisied aerulitir fall* L e. tlutt of JE^gOi 
Polemic, and inHuence exeiicAl by it, and by the cotmtcai ca* 
idanatioita given of it, on the views of the tdruciurc of the ( 'ul* 
eet»e conceived by Anaiagoraft and IHoginiea of A|i<>li<>om (be- 
longing to the later Ivmtc SelM>*4) j Force or {nn>etua of rtvo* 
luiion couateraetiug the diAjKiaiison to hill, centrifugal foit’c and 
gravitation, p. 41^ — 425, and cli.— ‘cUh Xot«s> tJlil— 
Oeofuctrical and phyiNcal relaticma of meteors in sporadioal and . 
pcnodkal fnlU } lUdiatiau of ab^kdiug atara from det«mhM)Cih>^^ 
points of departure \ Mean numbera of ahootiog aUrs, spoilt 
dicaJ and [>ctiodicnl, in m hour, in different monlhs, p. 4Bh— 
481, and clii.— cliii. Nates (18?^— 6it7. Ikaide* the itwam^ St. 
Lawraioe, and the recently leas oomtderabie }iotenAiat 
menofi, four or five other penodtcal Calls of fthooilnii itar» in 
the CGunte of the j&ar have Wn rerv^gmsed mttofi prc4»dn« 
lity, p. 481—488. and cliii— cliv. Note# fitlS and 6^. tlei^ii ; 
and vdbdty of ja<4eor», p. 433^ — 435. Physu^^^ r^^ colotxf* 
and tmins or tails, procctaes of combustion ^ Mag nilnde ; Bm* 
iiapteatff ignite of buil4inp, p^48fi— 433, Mcieorie Stone»f 
fidhi iff aertditef wiUi a clear sky or after the fitnmkiba of a ajcoill 
, dml; nietoof eJond, p. 48%— 440, drh Notes 708— 704, ^ 

" Jhrohteiiiafi^ iocreaso tff frequency issshootiof shm Udoreen mid* 

idglit and Um cmHiy h<mr* (hemury Ttrialioti) ft. 4^.^ 

Gtoodcal ndaflons of am*olltes; smalo^ with Um oompoomiki 
cSU&aaAt kjadb eff Eodk, 441«^440, and Kotea 704— 700. 
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Rctfo«pc<stiv« 0$o,GtL — Physical description oC the 
Universe nrcawariiy restricted witliia dednste limiU* Pre* 
* KttUiion of the sHue} relations of oosmicul bodits to fcaeliolto* 
— »Kepifr*s lews of pUnetary motion — Simplicity of umnol«)gic 
in comparison with tellanc pn^hlems, on account of the exdn* 
•ion in (he former of all coomderattoos reluimg to heterogeneity 
end chaaires of aulwtancc. — Ekineoti of Subtaiy of the ^ne* 
Ury p. li7-'45^, 

Correciiotit end edditioni, p 453 — i57 

Index, p. civil — diii. 


SR RATA 

line 

8 2f from bottom, for ** tblrd end le&t eolamc/* reed third 
end fourth volmnea/* 

j i4 Mi 12, from top, for “ Arietillua/’ read ** Ariatyllua/* 
r72 5, from boit. for «et lU 7^'.'* read fir»t U' 7'% then IT/' 

74 . . 17, from top, for ** 1»»7976/' reed •• 167612/’ 

20a S, fbr « f Lyr«/' read « « 5 Lyne/" 

$12 6» after earbest imloufatioaa/’ insert '*and meaauremenla**^ 

268 6, alter '* 1851’^ dose the parenthesla« 

848 S, after Laplace/ • Inaert ('***), 

865 6, from bottom, after ** earth,” inaert 

570 23, from top, for read •- (^/’ 

tt* 10, from bottom, for •• 103,” read 103/* (The refeimicc 
to the Engiiah odition la correct*) 

alih 11, far ^*523/” laad «392” (The «fer«oce to theEngllih 
editioo ie coffeet*) 

If*. ... t, frMlto|)i, Ibr •*,«»/• tvad "MO." 









